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J U- J T -31 ^ Uol« ^j>- ji 4 -S" z 3 y 3 x jb« .j!j oil; 

j! aS^^ISua .j— tl^lSs^l) ojljjL*i ojlj Uj' LgJ I iavJjJ *£ ^jX+tS 

4 ^ a * J j— & T ojl^>- 4^-jl L 3J> L 4b? li jJ3a/ t jbj 

X 3 T 3 t 3 L ^ j— ^ (jf Cf*^' ls^ ' Z 3 y 3 X ^baX>x»^j 

jbi J tSbjbjbi l(^J lSb»l) ojl jjLj. 

tC^lt^bjbjL-*’ y^ 3^ 3 .^> 0 - ^^ 2 ^ o~«Jlib 3 p >&3 (3 jJ 4 ; 

‘ufj*** & tJ s&£*a ilap|^^4j cjSb- ^^ jl-JjdL^L; a^J" 

Xj U US' Ji j I i Jij Uj i£\j) aS “ijj I ^A $y>-JJ jys L ishk« (^lo^ljjL-i 

f-3*^ c^Ukb^ iOp o*^i J C-.^J jUa 4^cjU 4 jj)j j oli 

^ u -^1 ^ ->i ^4=r J b3ia;l ^Ub 

<3^*1***! ijlj— a ji U tp—ijb jl5^j iSXj <u*> L cj-i c^bl^aj \j Jaaj 
vl:^ J '^j~ t 3 3ji Jli^ Jjb ^ ^fUas JJ 0^1 ■ Js*a- jb j> 

jl (i-b J — a .Uoljj — t id'S^^A jl ^Jua j^jAj I J i£j\j lii) J~* & 3 

Ji jA C- 42 - 3 ojlJj*) \j £ 1 1 

^ *(^ , J' 4 (jJi^') (^loljjl-ij (SJhji >sV^ ^ ^ u 
jl (^xj 1 —t cjjj^a —j o^j4j jlIj (c^lojfjjL-i L t£jbj? jl 

^J^A jl 4ki;^A4j Ij A |4_S" t Jjy/ (Sjbji 

^ I -* 4 c^l^V ^ b ^1 yi Lgbuu p.J IaT j aJaI^ 

JJ JJJ oljj L t^jl*4j jl Jv-o JJ Ujt_Ja$ ttlj 4 j J^3^* t£J ^ 


1^1 «jiko jlaXcs (ffojlaib J] if ^jlaf^ jl^i U^j| .1 


. i & - * K* 





j*> ^ 3l e£b;>*b' ji I y> o*P v — Jb Ji iu-y 4S" yiJUl 

4kljA Ji L^jl .0—1 ijj^4 Ujt-Lo ^15" Jj^u Afsjf 

.-U-«i— j L-i \£N&>\3>W* c—^1 ^jSw .Jiy* <uk:« jT jl 

J* (J fj*“ k ^J** *-* J^ ^jl J>* 4*~Ji tJLx j ^aj 

jl — fc t(-5bjljjl— C-*—5" tdi-j l^jj JJjlojIjjL— yiylJLx i y Jt A j j| ^kij* 

j 5 j l *-;'‘“'^ j — } . ^ j* A4 4_y”o*aJ | ^i2>t*w4 (_£ j I (_$ I j b j^aj y* 4*^- Ij* Js Li)’ 

Ji&'Zk Ji jWj ololy?j yj (^JpL^ J 4oL^ tflyiJLx .0*0.1 yo* 
.Jj l(_$jbol>-b* jl y lfc4/^y 4j^to uSX *Jy o->jlj>- <b?-ji 

oli^l <£j\*j> jl lyf 4S"ci^_i cil^bTju;U j;> 

.j_oyy—a A J^ 1 ob isL-?^ y : 7V Ja-j y i &jb^ w^y^ * 

ori ^ ^ yj^ <-jjj^- J^y (J l5^o>}) Iftojijjl— 45"jl Jl>. 
yi_>- Xj’U p_J!>U y-i.j— j* ji c^jb j j ,o—l ^b ^Jjl ^yj j :4 >-^_j) 

^-^j —! ^ ' J* o^LaL—I ^—L? I L— jbj-j o-o»!>U t_5 j j jl jL5kj l i ay 

’ -(^1 

j j^> r. i 

Op|jy5 o^yy p^ly^ yo/yy Ij^jli^— e5l^*ljy J Ujb^— 4.5'JU. 

oply j L \ jl^^aw .j^jb^-j i£j\*ji jJUT (U-U) j cijli^j j ^jli^u^L^ 

lyTbti^^ lyTjl j t a;|( J !isy,l) c^bjIjjL^ ^ j*iy 

Ijjjco*— o-Jk^ (jj| 3 1 [> j JuJs* *y[^ IS"^5ki c^bjb j JUjb 

jl ob ^ ji j c—l ^1 [$1.4)1^ ijljjL—jl yivj yb^lkl ^jl>- jli^ 

^ I y ^I^oj [ ^ ej I jj l^ji s >jJ? 

<£$J> 4i; J (JJjljJoJdj 45" c—'I CjLs^Lj jl (_$14>- L^‘4 j i? j> JlPIy jj | 

x5ol ^ Ci^' Ja5s iyT4j 4:J I lx j to—I <Wfc SiU—I j J^J ij^ j p.,, ,1 

^l ji ij ijp- ^ *b_iL jji ij^>-j b .i_y" ij ly i j 

J A # p. : -i I ^—4 i^y ^y> Ui (_$Jp| ji U .^J JJ I 4j j 

l_; U jcl^s 4fo.wTf jV ly7 jiy^yj (_$y ^j >j ^i cibopli 

opiy b o—l ^ yy i_; o^iy ^Tc—I y^ 4 J 1 .jh-s-L* yji— ^ 

Jply jj| dbb"4j 4S"jly4j ol jl j X-ib jlS'jl^ L5bjljjU-i j*>- 

b L5 ^ p yi— 

J^^" tjf’ I J—^ ^—5" Jo l„j j ((^*^- yto l—)) ^Ii4_j JL. 1 Lj ,j b7 | 

y ^ — 5" 0 * 4*0 I Jai33 kAp|y (ji I O**^? 1 ^ .0—» I 0 Oib jJ*j4j JjI JJJ jl ^_ftl5\J*7b 

j wUJjIj> juS'^S' -Ujb i_^>-j y yift^-p- Ul 6iUJIc3j9 j tjlfjL* 





L ^zki C—i AB '-’jJzLe [>~ ^ J1 . Jj'jb Ojuil* ;Lj J 

L5— 4 * v -*~^ *J ^ i£\ jb cSjli J> J*>- . Jl-i b ^ 

JUpI u_* C^-ji J&. j— 7 U-iT jp-Ij-J 31 aT 

. p»^ lj i ^A 

^-^ j! ji ! -* ^-cv ^y\^\<sj\j^ oyis ji t^jb^j ^j>- 
j'-~ ^ ^ ^4 ji ^ ^ ci^ 1 jut* I Ll iybL 4>- y"l ip^^i 

^-*> r \ ; :u;U; j ^+ i? = i?+ y yy^ ^L^Ta, .JIaj^ 

Ojj 1_3 31 (SJi.'ijj £*>■ .wU^^ c~*J c5ji'ij* oyli 31 (Sj\*j' 

•^SS" i q* <S J (_£ ,) jj 

Z + (E + C) = (A+E) + c 



cJU dL ji -ili flaw | Ojj«» Ji-b vb\f° b jlij-J Ji e^?- M JC" 

Ji j JJxT^ J^blj j JjiT^ *~o £)b~« dL jl I j jli^o Ji 

dL^& 0 UI5 I j did. j r*j Jjl jb^_ ^Lgx; I j| | j f ji jli^_ jj ^ 

■ ili <>*«r L jli^> ^ ^LU ulb ubj ji ,>_l jl 

5 ^j*"- 4 o^b> dL : ji 4_T lj ^Ujbj, ^ jli^ 

l ; jly^ - d/l^'lj JplJi joy* *Sb( ^ ^ ) Jib, (_sL»jby _ a- jb 

‘ ^'■‘-^l *—! j;b tSl—3—0 £.*=>- J (^ij*^ J J^'csl (^IfcAaijo <b dL.ys, 4,y>J 

e '■b^Cr*^' 

<u!4~> 4;jby 4 j y*-’ Ij i_.J yj b lS-^? 4~* LSI*jb y, 

'-‘ i -£ CZ*^ ^y. d*4b .i jZ tjSLax, L ^li,' ^Ubl j, 7_.^ j 

<b Ijl ^j-^jlj-i ij^_- (f. ^) jjid.; Ji c^jli jJ^Ib 4bjTjl Jw |j 

l^>- 

iSJOjj 31 oly^* p-A 31 lj jb^ ji y_y; ©apis 


1. Boolean Algebra 





^j —! iS**- ^A B — A- f- ( — .5) p*?“*i p^ ojt J.+.& l^j j tc-iJ^As^Jj 

3 tfjSi t* Ij oTc* 4 >- j jb^ oTo^-fr c~*l ^IS^cS ^j jl jl^f at jiJ; 

•p~^<J j! jb^ l# b jkSjb^ £*>■ oJpli jl ojLL*| Ij 
ojljjU-*> .j j*^ ( J LSC^I) l—AjjbaUa jj jl jy ^ IJ bjb^j 

ojbjL-i J\ Ut a/U^ ojL 1 j!o4>. <Jj jrfw jb^ ojlJUl iOilj ^ 

ojljjL*** aA_j JJ jbj —j tii —j jjp .}jj j| C-^>* i j-iL 

4$^t£ J Js4j CuLS^^a - ^>- 3#£-£ 'A3 <*£jt j3t yj | j$ j | jJ ^ Ji L^jj| ^ 

(r + s){A + 5 ) = r(A -f-i?) -\-s(A + 5 ) = rA + rB -f- sA -f- sB 

Ji -?bj —j j I ^jUvA ( j —ejbjUa< j —i jb jj tilt 

c5l^u*>aj jj J>y~ jbj-j J2> jb jj at t -y .c-^*»l (J 15L-I) ojljjUa jl 

•iZ** jr j*" Ay c~*p*> ZJj* (v.\) 3 ^ ) 

j&z ojLe4jaa>lj jL# p*jl 4 ; l J^l* ATa^jL^ ^aL jb^jj 

3J —£ = o =*>- ^ — 5 

^ ojlj^sA ip-^*ajli^l (5jbc?^*IJ u^ j| U~^a ti_j IlS^j 1 jj 
jl-u^ Jh> jJsj .a^A» a_^lj aL*; at jj A„rp_j jb jlS"j^ ^Ujb^ jj J; 3 
Xj -J<ji ^lw aU>_TdL_j »jlJ®I jj J> ^JsUiu 
^^OI.c^jjLp aIm/jA jj J5"jla^ .j^j wUlj^ j ^j 

.aL;; jTjj c$4; l a^ aA; aA; 

i^ ^’c^ 4 4 (^4 A^ila; jlTj^ c^jb^ o\j^ aL Ij as" ^ l>. jj ui 

^ AkS/ aL JJ <WA a__ 5"p^S"j-j yJ p.A jl L pA b Ij ^JLajIj^j 

JL^ c-ia5JJ (jj? i) ^ j° j" <SJJ j> j* iJ+aJ Ja c?3 jJ ^_j^>a-4 

oj^ jjOj jiy^ I j ^ Ji c5a*-jj w^v ^ J> J2f j 

A^jj .p^Tjfl^ u-j y&. cJ^34j J^p jl Ji I j jl j^ jjy> aS" jjjTo^oAj 

(^'-^t^j^ 1 ^L^urO £ j* ^4>-j J e-.tJjl c^aj'^j V j c?J^‘ ^li 

j* 31 JU^ uJas jj Ij c^a/jj v j c£^' ^j! p.^1 tp.^L 

■ ^ jy*y 3* (VI# cj^v- 4, b^ ^J^Aj yyj 

^) l& ol&wj f. \ 

c?U4iJj^ L ^jU; J Ujj j ol e j 4J^k tjbjjj Jij jj <s\jj 

<J I c^^a j iojL- (J»jj ^ ol5" (J-jI c?l ^j .aalj o*^j jj o—j l>^ j^U- 


jj 1^1 Ip- jj I j o°J aT \yA aj c-m-I 0 j t jT ojlil .) 

.0*^1 jj^ ^ 0 L^.U; ^ol UI .j J?y >J 



\o 


a^ kh L>Jj ! U .JjJ-L. ^lx jLw ijl45"ojb e . 

t^-?J jj J o^Uj j!ob—I ijj» |j ok 

■c~*l ^\S b 

—! ^balx^ j_p^ A^ ^yjlSb CjLoZ^a c lSC-o J2 

oU^» a&ook f Vj^b. .j^U^ z 3 y 3 x csIaj b l^iTj x*y* p*j>j**> 
*13'j <jiJ* jl y jj>^ 'Z^^aj x Jj>^ ubji u^ a5" sj&ij* ob—I ^j5b—b 
•-S-uf iAi -z -b 5 *^ ^6^ b ^^?o—b ^ aS"c—I c£jjk j* 

• ob> bojS"c—b ^ jbfb o i^2i>^ obxOo ijjj i y. ^ ^jSv-i 

^olli (V_I Oj-i^ Z 3 y 3 X oToLa^** k**^7 Aki^A Jx^ 

4 ^ J 31 ^c—l ^ l^Jli c^L b‘ CjU^» t J^l jJ 4j 

^Li.* y_:slk c5^§o XJij } Z 3 y 3 X c^LajJl 

^3j~* j—&3 (j\ —^.aISoo LlSb-s aS" o—I ^-ijj oUa yJ aS 

LS* x i 4 — >Ju3 A^ lljZLc x__kli; Jx** IJ Jo.) J>j JA aLwj" Aif 0*~0 I O j\j3 obo-l 
3 X b* AS" «Z= b 4 )) J — O; b» J K# r= Oj Ij» Ob>*jb 5 


. wit 1 aIsaj o <j Ua z 3 y 

3 ( ^ ^ >^) j- 3 ** L-^j'ToLs^ Af \j q j p kbL* C(r » y. \ J5b> 

A>xiU 4^> £j_^ £-kl* Jx* JJ> /> Sk* -.tab ,JHo^4 jUi Jb I ( Y ? - Y, 0 

a^ ^-LU; g 4kl.' aS"^ lx ijb jlyz=V^y=Y j # — ^ 


.o—i ^Jb z= ^ j — y 3 x= r 
C5-°J* ,J J AO 

Ar^k, AtaJ iJj^U ^U; Jx^ Ji ku,* aT ^iLj A^ib jlkb‘1 c— 

.wU-ib a— b jl^9 ttabbj^ p^^^-kU; Aki* j^djji Ul.tJLbib <sjz^ o-^ .; pjV 
^3 Z 3 y 3 X l —j ^ fitdiui; ^--bi 1 a*j A>tita^ A*^ I 

jjI ji .p r 5"AiL^I o j I wb* I 4 j I j A^^yi jlJi^ p^‘| ipOS^p^x^ ^k; 

P' 5kk* J a;bxi L>o lx jl* l a^jjT^I^x c—Jb ax^ a^ o J-K 

Ax^ <y_ I .Owl Z + ^Z J y-\-dy 3 X-\-dx jToLa^ AS" tJUl^-klo* 

^ dv= dx dy dz f*»- l —j b oj-5 ow-lj ^^kJ l^jl^ dL 
Jo? 3 dy dz 3 dx dy ^ JaJl^ji^ ^.l ^J^-dS 
oT J_<-k J i^JaJ\(Sj\j^ jk-J P' Jl P ibU dL fUJl yfj Oj_i 0^1^ 
jlo. b ^1 \.\ Jxi taUljx ijd$y-\-(dyY+ (dzy 

(J- ^ 4~' ^3 0-^1 o-Ui ( j^x— J$b- / >/ dkk* 


Ojli jl^ j I o-iJj 

(^l^^5" kh 1x0 I L"a 5"Ik* ^ I b^— y A^J.>J oUIjU Jl AOb 







LLr.Jt | y y 


J —ije jl jJ 4_j Jju ^>TJ Ji -|>i jb ^b-i I i y L^lojt jjlw 

■5J? ^.aI y>- oLc^ o l5\i~o 

Je>\ J J J i£j\* J (iU<U5JLo f. \ 

4.—r L IJ y 3 b y I a^ I ( pJ l® ^ J15" ,5 O L^u>*.a o l5JU*0 35 J b JJJj cJw* y <S 1 jJ 

(j—i 1 vp-JJ *f*'i^(^ > -A 1 " 4; r^* 1-V jl 

j! j—3 oLa;^* <u* ji 4_$"c—a 1 l^Ua) j.* ab^j o^o^u^*''' 1 ' 0 jb^j 

c5bjb y z 3 y 3 x 1 .ijjTiyrji b f jb^ ca-wl^ lyl ^j a/jb 

C*-ib p-o5ll OJ I J.5 CwCib p jb jJ (^l4jaJjy0 

r* = x 4- y 4- z 

l£L>- 4 —t i^J J j 14< . a* baa* o b o la*/ t tJtl I V • \ ^J^a* 35 (_$l<ui y (_$La jb jj 

4.^ J—j I 4>- to***'I ^wls ^yj 3 p^jb 3^3 jb^j <u> L jb^j tiL 

.a/jbjly'oLi^ <S 33 y 4JL*^-ft Ijjj JLjloiUj jL*j jbjj 

JJ/L_*) y* jbjJ ojlJj'lAj <S\*A j* ojla/l t^5o OjU^j 

jLSC a:5j .o*-l j cj1j‘ ojlly ^ j x>b jbj> 

3 ^-1J LvJfij yu (jJ? O 1 ojl Jl/ 1 ^5" JUT^ Ui 1 l*4j I j Jla-1 J cSlajbjJ 0,5 

. o***j 1 o 3 1 J-fi/4 y+i ! j —j I o*»-*^4j o Ij o 3y > ^ A l£33 OI c5 b**' 1 j 

1 t ^i b U O 1 ^1 JJ^l 3 ftjz* i^g* JaijS *X>*I 3 j b^j c5l y lj a 
{J jl5"i oLai^t:^ o l5w^ Jj- 1 Jc5 bjb^j ^ j 3 a x y ot^. • ^ ^jo^La 

(_5Laj_P^o 35 y*-\ c*_ j Y*- ^ 35 45"jb>- 3 Jb‘ 1 ^(^Jlji) 

•^bb . j.l J z 3 y 3 x 

y jl-^ o^i ^y 1 o-^ 35 o' c- 4 >* 3 3s ~\3 y c5l^ J* Jb y ojlJL/1 /I 

Iki* 1 3 la*^ lioA 45" IJ f P 3\5y .y — Y d y p?~iy <y <^ 3 y 0 -{y \ 35 tJUL_j 

• r P = d 9 +rd 9 +Yd g ^Jjh 3 ^ J^j?(\,Y,r) 

c$jb^j — 3 j' l —j o'(o^ 4 ^1*41^1 Q 44 P jl <S" Ij c5jb 

g b p jbp 4ki* lr u.ob y ^45"obj* oJi^L? yi I .^ajl c~^aj 

g(r,“ r,\) b P(\,r,r) uj^jb^ ^/j^ .g l- la^jb^b o^i^j'^ 

Ij to**** 1 l5 3 b* a 

r P Q = r q — r p — ( \ — \ )d x + ( — Y — Y )a y + (\ — Y)a z 
= d x -'ta y - Y d x 

y 3 15^3 O LaX^t.» o l^JLb C$Ujl I y yj Ic 3 j 3 i y !vb 3y 3 15" • ) 

■C*** , l Jalousi 







is*^-^ j? yl j| & lSjjLj Ul .jjla; j|ji.| c-w«u 

p* —'ts—* - ,J o'- 1 ‘-k'j^ji j»* b ^ ul£^- j tSJl— uUojUul 
tSl-uij^ iSbjb^^^-j [b'j*b f-V“V o~ju b 

o-A/Ijii iyi- Olib- A-o-jb^ jlj^ .cJI |j jf 

Jb ^ t"’-* 1 ^A- 3 J, b; j* b F bby jb^ ,il, ^jy f l&a 

u^lAily jb^> a- tSb L. bsj .>- I &_*, jb^ JlirU 'jlSC« yJJ 

b olC b;l a>- t J-b z 3 y j x ob'ur*' ■-> kjb^ yl.jj-^ 

A^ojU'l Jjk^.J (^bOs-lj b ( m .J^ J^u) y.4 ; J JL/jb c^s- Iy 
<U4.^>U jjb l, isMy. lsL^ojIjjUj, oj y jITa, b tjfei. jScii. jji .Oi-yi^ 

iSUjbjj jb c-V*p tsUbla/l U4iJJ* C>},y F z 3 3 F x <j:U>4i!> 

tS I »jb j ,_j 3 F — F x a x + F y d y + F z d z r-i-Jy jl y^ & lj_> L .avl Ail> 


■-’-^u* 1 " tSjSo-2 tSjIaS^U *lii;j| a5~ 

^=- B X + 5 jr a jr + J B z a J ^Jj^oly^lj BML-'jjbjjA&lyL 
l -H ^J-*' B Jjk> L. | j?| Oj_^ 4ft£ SjlJl/l J jjf t_Aw,y 

,,/iJ 


1*1 = 1bi+bI+b: 

•^>-\3 jl 2j! ■**• tffbb O—1« t±.>tjjjy Af alSOo 4~> jl \il, Jk 

JJ a—• j^lSl^j—* tSUjbyAj jljy J ft 4j j»J t?ly 4f JjIjkSi y jJJ4J jj j 

a-i <ui?wT4_. a_^b cslajbj. JLwc-i jji y ui .jj J;^ j| j ,^ u- l .. | 

ail—; (_ r ^-i/. o£>. tsbb aT t5J->-lj jb^j <jl yi aT o—I JLi. l _J-| 

JJ Os-b *-fo-l |^_,j .0-1 ^-UTjir^l 3 .Oviy 

»ib .Jlj^ jb_y- Sjlai'b o^>. oTjj tSJb^ (*-_«; jl c—ijL# 

JS jlj^ 3 f j ^~ x \ _J_ y\ _J_ £ b o—l tSjL— ^ c-4»- JJ Oa-lj jlj j; 

b t— 1 1 ^ jljjj C»|> 


__-B__ B 

a *~fBl + Bl + W = W\ 


0 1 J^«lj J^j! aTCvu-I (£ j\z j , jf^ . ) 






G( r,— Yj— V) I*L« jl 4-5" \j c£-b-b jb^i tJLlo 

*i IX* jl 4—r Ij Q IX I 4-S" 5JJ I <_.aJ j> jl^^a Ojb ^1 JUU| 

6 jXS*" 3 J b ^>1 *-X° I (j ^ y ^ Y 'l ^ 4 I 2 J 4 T 

G=ra x -\a s -d z 

33 1 Oaa*X fj Cj jb ji 4 3 1 kAi I j 

|G| = ^)'f + (-y)' ( + (-\j^ = r 

t^{jlj (jb jj j ^-0^3; Ij y^T Jb-I j j\}j> ^ bt> I js* 3 

_ 5 __ Y - Y _ ^ 

ac ~ |6| ~ T ~ T Qy ~ T Uz 

p-A^ t j.Z) ^ I j J>-b jb^> tiJj (_j5j j5b- 4.5b l 

-J^tjdl &\j> ^ i^y**** c^^Ip o 1 c5l^ cwL^ 

4^ka 45" .5 ^ l, i 5 ^ a B J Wjg jl -b'loyy o*Uwl 

.}jj 3jti\j>- (_^lu ^j-aj-AjI Sj L a ^yT j^aI^ oUx-1 oTjl 

J-^ ^-5^-1; bx£ ^Iaj J L£<££*j i—<—9 l*u4 ^->15 "^za js :4>*y J 

j l I j ij —>■ XJ I yj L^j | «ii*y 4 j b It c~« I oXi £■ ya* ^ I e j It J*s I ly l 

xx~ jl&l j ol^Ak^l L jx* LtTc 5 l^ JTL* ^,1 .0:5* ybLjT^U \jb* 
e-U J^liu J^3 oVt b J3 J’l-* *3y" J>* IjI^'TLkA c-ajL^ 3 xxX 

*["^ bx* oib 4 ] l»a (_^i^.^*>tj *—yy obA4j tgjo jp* . 1 ^. .-j 1 

a.;*" 

3jb 3lx*l jB(\ ,^, 0 )^ 4 -, A( — y,Y,r) Sksol ^jbji (lJJI) 

••Aj J j I Caa«-Aj 

D( — Vj ?, — Y) C(^Y,r) 3! 4^1 j t5-A>b Jb^ (»-») 

.-U JJ I C~*/-Aj ^jb 3lJU/»l 

^ ^ = - rd x +ra y + d z 3 A = 'fd x -'<d i + 9d : /1 (v) 

.OijjTo^a; Ij > / Y|J4 — B\ 

v_ __ f ^ y _ v 

7 m -> “ 7 ^+ 7 ^- 7 ^ J ra.-rc, :L ^^ 

^5j)^y 1 ^. y 

ULtjn^J&A c5jli ji tt5jby It I j c5Jb^j j!JL« 0 Jj <>-• j 1 tA* 

(*A"ts" ^j>- Ja> ijj* So-L' jj aT^j £.,1; c,^>- j ojloi'l 



Uju: 3 


. yyj JiJ iJ_o* <^2£J O Ua l_^:>- jJ <J I J I ^AjIa J JCff j^2 

Os^jL^y* J* 3^ '* (pjls) (J>-)^S oLalp** ol£l*0 Jaij U & J Uoljl 
.JJ>[j Z 3 y 3 X c£b> J?Z* jl ^ Ij ob^ 4lf4Z-S>b jUaO'l 
j*! 4$^^! ^kv*'Aj dioji Ji Ij Ls I I C-*S* j>" d-p j** j> I 

3 I 5y b b (jl 1 3 * 4>- y ^3^ A tO-^' 1 d *-Uz> I (_£l^j* Ij yT 3 d* 3 33^~ 

I J V L l —j yJ Ij lS j**** <^2- cs*4^ 3 $ I I jJ$ c^ I <j5w> A< > J*i Uj* 

j j>** 3 JL.~i c-a-^4_j Ij x J jp^ 3 Vlj C-*.<.^4j I j ^ J j>^ O*.^ J> I .JUS^ jLlsM 

t-ZJ ly2l 0 l5\Z*0 i jid>-l <—J | j^Ji— 1 » IJ I 3^/> J tj>- q—Ljlij Ij y 

D — U at a x + jVlb op^ jbj~j j pijb c-*o ji <^?o~^b 

^*u Ij 0~‘ , l ( j^b>* U ^ 3 U y 3 U x (^bsAiJ^jl db jA o\ Uy&y -J- U z &, 

Z J 4*>- L# A* Uj t ob I j 4 L~« ^S"l Z 3 y 3 x 4** 31 

CC**^ I (Jbi OwA; Ja^3 <—» I 0>5"" y>- 4$* pjS""' ^3 ^9 ^!Ol LJli> j! JJ5 IJ ^Issj* 

adUS*" 0-2ib —9 I 3~ 5 J-{ *-X'aI^>» jA*£> U z 3 t/y 0> J jj.*^ 1 J^ 

(Jl-(^ i! 3Z/> I J^ 3 ^y** |t— c^iAZj <V„j (Ji^-P (J^ ^ ^ ^ ( >—^ i O-P j-^ I 

Ij {/— Y^“ /N d„ 4—la;lj . jL^j J,.j U 33 J 

Ym/S jdj V I 3* O-P^-o 4—Ly IJ ^-j I (J^L) .C—/ b b> ^ IJ UI j.) 

oj'T^A X Y = o JYY'f'm/Sj;'jf (z= — \oo)c5 J ^\OO J^pjij (4^'i^i 

J^ C>Pj*J -Z54 JUa> ITO L>&^»fti (jlojljjl jl JaP 1 I ^3 I U J i JLaI 

• Co*** 1 I C**j ^ (Jbo £j| 

[J^3 31 ^ rij" J oiU jl^ o^jjT VL.J j^ 4 S' Ji Lto 4>-^fl 

• Zj —j J.aIj^>- J S J 0*J jl>A4j (j i j> j,l itjj 1 

2Jj>- 3 0*0 jZ^J 1 (^1&4^*«J Ji 4 a! l!a^ 

J iT 4iJ_^) jflfi tib J 44 J Ja iii Ij 1s2s J I Ji 45^ lAZ&ja* ubu^ Jlla 3l yCiL- 4S" 

ijr^3j 3 p;*I {^3y, j-3 1 3 t£ l^j I J^a .p*Z*A'b 3^3 y* J y*Z* 

.^b jl J C*?w S3j* t>=J* I j*A Ij l^/ I 4j b jj y iaj I Jj j*jii 


M 0 lj* 

U = Y yd s — (y% — Y'z— Y , )a y — (fy+ \ )a r ^»j>-^o <jl-U dl 

II 0*4?* c5**^b 3 c*p^ 0jl Jj' I ^ I ^ .o-*^ I oJJu o^b 4 aj U y 


*3oJ3 ) £+^3j Jj5~ ( 





W jJUT 


£_y^ Cz^ J J y^*es* L 5 ^ J j? *-> lSjL^ ^ j** £yji jl Jjl ^y oyfl 

• ^ y^ jt^A i c«>t^ y,^ 

^vi-Lsl—>■ Lj (jSlAiaa; c-J^ab? l_>- . J—j loAj> 03 j j $ j y j|:^j Ji 
^jjzL^ u- ij c —*i ^y _y jjs ^1 y^b Ij yjiSwi) tsiojijjUj/ 

• y ^ (3;? ^jl j j£ (j^O'£****C B 0 JI Jj | j y^ 0 jl«A/ I 

2-e=\a\ \b\cos e AB 

oy*?W -i^b il 5 ^/j _y p J.S b^j ioil iS* jbyiji ^kfl/ 

vii-^j io^iy ji yc ji 4 .—ijU>- yiiiby \£\o\?)W* c ^naJ&as 

j i jjia ^.—j y j ^—<« c-~y Ja/ jyu ji j 0.^1 * ji 

• i J I «X.' (£j,l I ^y* ^aIn***S^ 


A*£ = B-A 

.((B / j)) o4j*iy /i * b ^LU 

ti^j_?—* t^Sb Lb ji y—>-b i~j^^bab- cJU.juwuI ijju* jjj y j.*.aa j„> Li 

i 7 !, cos # jl$"jl-&o csy JUpI l aL?U y aS"f ci 1 cSjy aT-uL 
'f J-^ L jl yb 1 i^b* Ab^j F * L oib j j-L aS” Ij 

J>^ j_ y* 1 as* 1 ii> oiji (_y^' j v by* loj 1 ji l j c j.j 1 O'^u'jj 

io.9j5 - (Ji^sLj 1 ijsyis* jijj 1 c-^y tsi y «y? ;-uih y&A j,^» 


;ir 


=/ 


F'dL- 


y 1 4j ^>* 1 j iaj.a; as* csy* ji yy^ i j yyi jli* 

^^jLs yisy j5 J-S ’1 .i 1 ^o^ii ^^y>- jl*^ 

^ jJi'ji- 0 i 01 j —j j oUSC (5* ^La*^ ji »xy — a Jyy S o> 

(CjL.« oTsyij—;! 4^pOS"Laiy cSjii^ Ij 5 j?l .cl~***I BS l5jL^« 

^ L- j-® (ji I ol I*A^j I^ c-Uili j) i^»>p j 1 j y c*>- Iwi 

oXjii jb ojjo (jiUi t(py^(_y y>* pj^Ssj^tj ji Ij y^uc^j i^A^-Ji jl 

jr— 1 1 a>- c-^iysC jb y isy c-*^>- .i^ jaIj,^ b * s iS 3 ^ ji 

Ji"jb .XjL/ c-j l—* c SJJ j^ jb ^ S Ly aS*^LS\^a LI .oj~-I (jilv? aIzj Ij 

J5^ o-i 1 <^ l - ,,i A? ” (JU 11 ^ :;l Ij r Jva» ^ ->ji -A* 1 ^ $= jE'dS <S) 

. J,**> I ^,>- Lj u-ijr 




Ux<0 J ! u 


J} jb^ 3* O?. ^.jlj oi^lJLj 4$^ s ?UuT3l 

£jJj-*2> IJ ^l>-b t—> _»■ I oljl {**^^ 5 * £t.*>-^7 A^"c_- 

\j (ijb ^-j j:> a— s^jj jJoil— olj j\y oiU:^l *j*a <jT 

. _Uib o<-La> oib I 4 / I pJ Li ^Ja$ j| jt 

B — Bm z ■+■ B y a y + B,a, 2 A — A x d x -+- A y a y -+- A s a t 
A-B tji^ji^i (j* *3 y ^ 3l Ja/ ^l>*b b I aJs 2 ^ 2 / ( ) Jjjij^ l>- 

t^-b V*J-lA vit aT c^I (^J iSbl) t£lojljjU^ a!^>- 4j ^ jsyZysi 
oU^ olSc*o <Jftfc^o -b-lj jb4jjl3 o> r ju& 1 Jo-Ij jb^ 

[*£**£^ |*^ ^’’ ^ o ojl |t i is 


a *' a 9 = a y'a x = a x 'a z 


a 9 *a z = a z 'a 9 =: o 


I j l^«>- w\—>-l j jbjj <ii__ j ^^l^b J^Ls oJU‘ Lil aJL>- a^- 

A^-Jj J 0*»> I «ili (^J lw» 


---— —— — -—————J 

•C-^I A#jl3 j\ t^lAk^jj aT 

:i^-AAl^^jb jj o | 0 jl JJ 1^^ jAi£j\*»A<j I jb >j*J3X+&[>- 

| A*A = A r = A x J 

&A* &A~ ^ ^'" w ^ C,£jLm»* ^5 ^®“b < } jtJihari^ 3 

Aa) j^a OlJjl C^ J ^—j ^l^b jJ^>\>- JLiCUl $j\ ja ^ JU^a 31 ^J>j 

(c£bjijjL-i) Afl] Ja dijJ^* tJftJ I \ A>-jJl> .CmuI (^ilJCUl jb^ 

***’^ J* Ci wb-lj JI Ja-w^7 jo IJ ^ 

B *a= |fi| |a| cos 0 5a = |5| cos 0 Ba 

•*J! aA| J^ ^ 4 V°°<^X^o° ^ C^t» ^ Ba <;<\0 0 jfl Aijj>. 
d.A] j—^ o^l ^ 9 IT ^ c^>- ^ 4 aJ j-* oijjT^+oJl-! <j I^ 

U J* eA^» eib ol*li ^ ^.\ J2> *£J Jku Ua o s 

oT (^jb^> 4 aIja j B • a x =z B x lSjL** ^ 0.4^- ^ jb j> *^a 

j — A ^ y 6 Aij^« G$J) I C-^^^Ai a3 \*+a ♦o^» I (B * u L B u 

c^<l t£S&£f m I 3 c*4?“ *A^-b Cj^ a) olc-4^- 

• 1 - ^ I jmu*A oJ j 4 »* Aj 

b j-jd+0 1>» liJ^j/ ji J-^AJ I 

» g.**a I ^ I B jiG**** B * ci J 






\\ <£j\aj y* JUT 




B * a cijb*'* d iA>-1j jb^ c*#?-ji B (c_ff I o_?l 3j Ljj) 4iJj^> (i_o)l) j* 4 

•£**> 1 (J3 * d) d tijb^ a ^b jb^j c*.^ ji J3 tijb^ aJj* (*_j) 


ff-v <*.>’ 

(tJaJl) .a;bJJ> ob ,6 = a x A~ Ya y — Ya £ J y4 = Y^ — Y^ — 9d z jbj? J^ 
1 J /I Aai (<—j) *10-^1 ojlJj'l <U> $ J ^ ^ 4j j) J (<—j) .Jj jji U ,/4 * B 

.J_>jjl c-^Jj B ti-*—=-l J jb ji aS" d B o-4»* J^ k) B o*4>- Ji 

.-^ l-u lj jj tiJJ J4 tijb 

A \f \f 0 . 

“<2-+ ~ a „~ ~T a , ‘ VJfY ‘ fVJf ‘ A : 4;l>r 

A ^ fly fl J 


B J A e£jb ji <-~tj&. L^Ip-L JLl>u jjA* £»i>- JJijyU B J A jb^;ji 

ji j ^S' f y2p^^ A X B oj j^>4j jb^ ji ^ j-'-j Cr**y ^ b 

^4 X B ^cjiijju jb '_P"^ «5 J^v Ay> b 

ji B 3 A jb j» Ji (^Iftajl^j I <— ijjA+a{>- t^J b* j I o jI-Xj I A?"0-^1 (£j b j3 
c^-g^-jii B 3 A * 0 * 4*0 y m oic-*4>- -? '—•***I B 3 A (jc? *i-?b 

Jxi ji c-*4=T tji I .j>-2? u3j!?aj ^4 jl a— r c-~b e£i^Sbj^b g-j c£jj 


jjlili a ISsj O^j L* L (jl j|J |j jb J> Ji jl aS^ JaJ>L 4jJ>b ^Lb-Aj 

.JJ j3j J*~~* 1^'“° til jb jbjJ Ji j& Ij i b"Aj 1>- cl ^>tJiAj 


0Dili lA L; (c>.\) 

l^j 1 0-^>- 3 ^ \ ^ 


1. cross product 





UA-c j I ^ 



A A a5"c-^i c£i_^*o«lj c-4> OL^ ^4 x 5 o^>- 

*°^^r? J . B 


L—"1^ I Ji Oj^v? j-—^ Ji vj^^l Ji A5 - " (_£ I t—^jjl*4j 

.au** 4ki; ^i d ji 4S"^.)jb Af jj*> ^Ujb ji b JUscu-1 ijU/> 
j{3 ^laj IJ \ y !j ^►■jla^ L>- 

J4 x 2? = 5*1-31 |5|sin^ B 

ci y itJ-^i d)b c^lx oib VU ji 45""(j I .-Ui b c^sl^l a5" 

.c^l (jl Oij? ij*«-£- 5* J^>-1 j jbj; JJ I ,o»^l ^jV 

-b>*lj jb^/c-4^ jXi j^** C-^l; B 3 A cSUjbx ji J* J* 

iS^—i J_jJ-aj Oy U jl ( ^ _ -?'>- <— >jJzL&[>- AS^i^J'^o o-Ufcloa i AA (ji^i 3 i 3^^j A 

4^*j I iS I ji 3,jA O**-^ 

B X A= - (A X B) 

d y 3 Cl x <3p~\j 23 J—a ji |j ^5-jl>- u->^vaJU?lp- ^S* I 

c^jb** jb^—?^-A oj!-Ul a5o I iS^y -d X dy — d z ^ oJaIJLo p.*JU; jlSG 

olSoo J : L d^ (S33j—> d x jljji 3 p *ji jb^j Ji J O-^i *A^lj 

3 dy'A d z ~ d x j —" .-Ui^ jit; lj 2 o-l® o^>- i ^o**»Ij oU^ 

b ,i J& 4>-_Jj^ 3,, \j 45T"ijli i j>-3 (^.J bill Jaj Ijj j{l Ji - d z X d x — dy 




f S y) >57 


tj’j ci x -i) -My* -ciJ od Jai Q 3 a J a jb •> 4— aS”, jUj 

ofj^ A — 1 iJ.^L o^S*jl J y <£\*J 13 jj;l;j a!TJ^ <U) J:U 
-> A IJ lSjL j uty^ (a z t d x l d y l> a c a, t d x y 

y Is oU„>ji ol5wo dL i—c£tj* aSL-J ^ 4 >Jj l>- L>- aLU jl till 

' J oiU» 


a* x d 9 = d z 

oillMi A^UAjljl J ^A I jl>* ^jskLpX*- JUjC-bj J*j\(£\ti^ Jlta 


C^bJ^L c-^.biLb- L C—I cSjLw* ^LVlt^)iy* dll L 

jl o^LLI L . lyi^-j h$\j ji jjL 

| A. X i^l^i/1 X B c jL I oj j^c) Ij^yLVlcSjly> o->-L 

L$jJ (jLU^ Ai tw^’j C —*-0 oJpU ^[^-d, ,j! ^jU i _ tjJtL# Is- J I 


Ij Z, djl?A-> ^Jo^a dL c5jj jja <£3j«i .^y^LLI tJUiliiloT Li a^a 
J .c—'I / Cj l? oL —ij—s? d«4>- dL SjJ’tj* yy L (^!jJ A^ JL§>- .J-ij^i Jkl 

j\ <oLLI Li . 0-^1 syrj-A \J B J> &>■ *■; tfjld. I y^1y& ^JpL uIjl. 

j—l'l A_j oiu j^La.„j Ij ^<_£j J^a j\$ji c^»!>U 

o-^aj a J^s 0 a:. : Tji ij aLIj^i m p = j£ x p 


2 L U 


«/jl (JajJ»_, ls j! k-ij^al^sU- L-Uv* 


^ j “*—i4 A2» M I y.J I 0*^1 cS J~! jlf ^jj;^ jToi,y.; ^jj jl Jsili 

ojlil^l b .c-sb (3 ;V ^»-lj jb_^ (^1 j> j*A tSlAajlj wbb aSvJj ujJ I o*»Jb Ij jli^j 
Vj~ 2UI-^ dib Ja-j j B J A csbjb^j |*;i; oUj tSbAiJj, jl 

td—jJ^-lj J b_j J* b-J (db^ii A^ljoA^j J U*- l>- 4/ j^y>z>iA odj^:/ 

■ -jZ'—t'c :*-! jir^.l jl jl 


Ax 3 = A x B x a x X a x + A x B s d x X a y -)- A x B.a x X a z 
+ A y B x a s X d x + A y B y a y X d y + A y B.a y X a z 
-\-A z B x d : X d x -\-A z B y d. X d y -\-A z B,a z x a. 

d. X a x — d y 0 a y X a z = d x 3 d x X d y — d z “--S' ( *_ ; JL_ 1 i j_;l jl Ju* j 
4_J^.^- 4 - a x X a. = —a y 3 d z Xd y - -d x J a y Xd x = — d z ^ a 3 

(-Sdl"-'* db_,; o\ij>- Ji JI3y ^^-jbd '—> jMz LsU- 4Sdjl ^Sl ji iJa jk^a sJb’U-ib 

:o *"b I j>- 0.b' JjI j b .0-1 Mo 4»'J., Sjjlj |^,j (0-1 jt«3 

AX 3= (A y B z -A z B y )a x +(A z B x -A x B z )d y + (A x B y -A y B x )d z 

j»;—i _j; CO—I jXi l— I j I ji_~— jJfl>4; 4$^ (j b- y i Oj^ s tf4j Ij j J? I b 




■faUic Jj-Sll ff 



a. T 

a u 

a z 




y 



A X B = 

A x 


A z 



B x 

B u 

B : 



y 




j B = — \ c d x — Ya y + dd z i A = yd x — Td j/ + djj^^ 
j a x a y d : 

A xB = j Y - r ^ 

|-y -y a I 

= [(-r)(6)-(^)(-Y)]fl.-[(Y)(6)-(0(-'f)]fl y 
+ [(Y)(-Y)-(-r)(-Y)]a, 

= — \rd x — \fd }/ — \?d, 

Ji ^ V ^ U:0> (J* j* 0 Ja*«; I 

io—1 o-V-i ^5""i Jw29 o ij Ij 

‘-jP* ^ ' C^. j 1 ^ 

/l = Ya*-- + Va z J> ] 

B = — Y'a* — 'fd y + a z A ^ C s ‘A X B (oJl) 
d y X(d,xA) (^) (v) 

— <$a, ‘ &a„.+ Yfly 1 Vd x — Uflj- YY'a ir :l* ^ 

JjtXo £>{*&%&& oLa*;** A*\ 

jlS*b oU^» ol53-o 1 j t^UJ L*Aj,& A*f r=..^y O^i b ylfjjk 

JI l5 ) 1*—j lS j ^_-vLp I jjjlj . iA*aS^^u>- 

^ <^>1>*.j 1 jj-U aS^jipjIo ^c-ji tSOb L** 

0—1 {£ 3 \—i t^bjlj—I Ojbj (^Ijb A— S' ^’AjI^AjA i£\jl 

<j«ii l—I J ^SS 4 o Ij iL O ! |*& O—L 5 -?b-/« 

I jiS" ji j>- A9 j*# a>-j] Ij ,J^J j 1 i» 

j\j~3 4,jJ j c-3j if lj <£}J) 3 1 oU^ (^l^toLSoo 

‘p^LS* 

<Oo A-A ^.-bs Oj l -ii-v>t^ ^ ^ ^c51 ^ I O- 1 i*^2l>i^ <5 iSs--* 1 ^ 

/* (j I a!^ U Ja^j y Az^it^p JJ5 Aiafl> till J-i .0—1 ^LL>o 

(p — o [Jj[^s^\ Ji2>- iJ_J .? AkiSj 4> U : - -ia^ ^j (p *ij\j J iJ. : » jl 




XT J^T 


C—Cj LaZ:U>« al50**O dS”*" 4 ^ JZ—.* eSl-O’l j.Z—1 obaZ:**^ *^0.-i ( ^> ( ju2>*Jb 

k^ j\ aS" z— ° Lk ab—^b jI 4k«j aL^U ^Za, c^ I* j*» 

Ij ji JC^ i£\<K —ti JZj>\ O \^aJ>iiA O-i (J?l y-J ^b'b- to—*» I ^ JA.& f — <-> 

Aa|ju>^j o L"-i I O-aPu u->lz> 1 4 aJ lLa» Ji I . Lj (^Idj'l *Z~j I O- loZ><.» 

J J J c5_4*^a*f obs>Z>*.* A5*bj> jjbb O; Ij Ul tJU 

,i;b $yr.) yj g-J y I 

A>Jj C [*;*b p-^J J J>c* 4 **j pJ li O lo>Z>i^ 0‘5vZ-*O Xj‘U ^5s.O l=yj I JZ> 

_r^ J J-5 c J.j ^j^*p p-ftJj Uz* Jjb* A.S' a*j £_k U7 J.3^-a I j dJai/^A 

£cJa~>* j j (y=C-jlj) JJ-U c 5 b—i*ly ~0 4 jl < 3 J -' 

ji dk* tZL (^l—=T aS" J jk/ La c^ 2 = ^^) eS^O %>-.L& 3 (<£=0^1^ 

(d? = C-J I? J y — C-J lj J Z— C-j Ij ) A^.io’A—> ^Ja IS> jj t pj li O \+aZs>t* 0 15\Z~0 
jL-j lj I 4_^: I ji^^j i O alSO—O pt-k— 1 4 *»j ! f'. ^ y5b .*Ju ^„*ju 

OJJ.5k-/ CJ-* 1 1 (^IdkiJ^A jl IAPxAsi? 4—> 4S^O>—'b A>- jj Jj L .JL£0^» 

. O-J) ^9 If A>»i^p <Z1 j C. -'~ 6 -Ijj A^JliljAZ^b j\J Z J J c5 J J aLjIj I j5v« 

^I-Az^ I jo 1 j l^j i j5\o UI ;pyS^ ^ hj j.*7 j>j> I j jb jj a^u c-~~j L ^*z^tA.A 

p* J O a l5\I~o JZi UJjPxa ) i4j>- :pj ((Ois^aZj^ (^Iaj j' t>5)) 

^kj -A__o l —j lj pjl —9 oUaZ^ -A>-ij (^lAjb^; axL i~Ujb 3 j .>-j 

J-! 1 ^ [ ^- A J-th-^ 1 ^ la ^ 1 ^ ai ! t5i J ‘ytjSu* 

A>zJU&j-j (I^ So- 1J jb ^—j CwIojia^ C-a-^ 1 C; l —j A^aZ>s.j> 01 J! JO/s aS“ ^px. Li**j 

^ jb ; .o-^l x jfisji ji^ 1 ^ oTj C(^?=o.jIZ)) 

;jt -b J U A—$** v i_j (^Ia— j I y>*i 1 SS l^i2Zp^.» iA>-lj jb j Ai*i p^-j I 0 


■ C5“ 


•fl r -? flq, -? 

CJa^A; yl-O JP(r N J <p N J Z\) Aki v .A a^b jb^ 0 ^ 3 - 

3 z — z^ (^Iaasha^ jbo^.l r “ l^IajIjZ^I z> j ^jls- 

lA-I>-® 1 ji j (p = <p N ^ ^ a>lj jlj^j ojbjly<p = <p N 

r~r^ c^IajIjZ^I <j^^ A 3 ^jb j\j z — z^ ji 3 o^t (p j\sa* 

^l5o .c-A*»! l— 9 ol^iZ>c^ olsbvJi ji £F_*a_->- b j i }j> oUa ^ Jb-b jliy .o-a*»1 
^ojIOj'I a-' OI-Zj* Ij c5I4jI j;.wJ I Ol^;Z3x» A>lj jb ; J 4*JU f. \ 

a l!x:u*o ji a5m*TJL_o- 0 tb_tP laLjj’ Ij lAjb^j I jl jI: ; j 


OL^I=xja JA b^ v j—b Ul^iI Aj^Ij 0 jl ^J Lb/i JJi Vj^/» . 1 

O 1 ^-a^JrA (jLflXil ^-> ( 2 >J_iA —J ( jir Aj b ? O I (_$ L>Aj jiJiXfl I Aj I I 

o^bj bjyb bi^b^i 




«bwj p.A^._; j. ; &, J^ljj JjS : ^ 

^ ^ (p — ^ I O^-’ I 15^*0 (^jli jxi 


. c-^ = j J~5" Jtr'r U O La;^ 

pA Uslj I (^Ujl>y 

C-«^f ^U>5 jL^ 4*g j| ^.$Cj 

jS'cu^lj c^k;! .Xwol ols^i-^ 


ot^/l w *l&-o ca_;jb «y jb&\ tfj 

,XAi 6l ~ ; lj 2 J <P ■> r o^’J jil o> 4 >. V: ; y -A; c-lj c 


{~£(£\j> li JLib 

'■'•O 'r ! l* ® J) Aj L* 







L.j b j»«- j'AS’ dL cAy^ <£\dJ\ j:^i oLu^ ol5d~o jj 

ui^ o^Oj dz 3 dp 3 dr J4 f jol*« SjUl aj z 3 9 3 r bb'jjl 

<p 4 -rf<p J 9 j r + dr 3 r c^l^U.^ a; I 

Ji A$" Ju ^C 5 ““ V J* b Z-f-^Z J z cSI^UJjIaj ^asl A^i^s j:> j 

lJ^ ^33 0 jS'illj' A^ J 0 *-l edd> <ob uUj* c« _J ^ J$Ci 

3 dr L Ad-^To^lj £jkJ \<s‘j\ jXa iZht) oT ^ jj, di >-£ 

JdjL ^ tfbb dz 3 dr **ry «& ^Ia, a, l, dioj.; dz 3 r dp 

L J^jl^ ^jh^ U* ..o^LJ^ ^>. ji f^dcp aSUj jjIjl; J 4 A** dtp J> 3 
\ r dr dp dz 4 ^ * ; -$ r dp dz 3 dr dz 3 rdr dp 

&• 1.-' 0?* 

f('M°» ^ ‘v?M J 5 ^ 4 4^>tibu iU; o^^^jia~ 
^ -* 1 (v) ■ j 5(' 0 ,YYo 0 ,6) &*' (v) -> ^(\a,«lo 0 , 6 ) ^ (oJl) jl Ij 
£(\o j o° 5 o) 3 | (^) J D(o,\>(jfi\<fjAr) SUOI (o) ->C(\°,S°°,\a) 

.juirioj 

'A ‘ 4 ‘ Yo fi £ : l^j I j^- 

itS-^ J 1 ^ i 

^49 U U 4_5"c£wUj JJ ^g-J L&it* olSC^J ccSIAj'I j^\ oUiwi a 1 ^ 1*0 

jf .^j j[Jj* cu*o ji JJ5" dUS ^<£3 j> c£d*j a^ oLaiic* alSLo 
<^L—* <J b \y^ ^y> f 3 JjLoLa;^ al^Lo SjLjj JtJb jl 
a—J ^ (J 3 CpdT<oU:-*l ^ Lil j**- 0^3* 3 jjb Jsuyjj J-O a^^Ja*. Ji C^lAki* 

£=iz-*i C^VU J jj^L ili*Aj <Sj[ f 3 fij£ ^ JaJ Jj I j (C j j kU/ JsU3 

. J I J.J (V^J 

A*j C^_?J J^Cj Lz;^ d viij ^jl3^ b i 3>• W Iko 

r UaLS/^a jl aU* AJ^li 1^1 .vJrJI v. ^ jSCi ^ jbTp.fi 3 oL^ 

c^b, —=*“ jl l^Ia/Ij^I ol5C^i .p^r^ 

(j— j! j .o^u JLa aa *j| ji (j* a:JI a 5"p,o^ojliu^l k>. jl aI^U 
**^—jl^.sj jl Ul L7 bulA-iA aS" 0**^1 c^jUiSvaL' ji 

oISwOAj j 4 ^d- 5 jd r ^J*~*i ol ?4 c jriL^ ^ 

« r= c-jlf» jtL- (Sjj^cjls&tA Ji .c^Ia_;IL c^i ^j/oLi:^ 

-c—-->1 (SsJ? 

,<sl^A J& SjjA aLlLaj J^b Ta^ 3 z 3j^ ^ Q Ajjlj A^z^^ 





fY 


4j O^uj' 0 J I y~/j|Aj C»****< A—r OJ Uj ^1 b tC-^l y Ls I j#c>- 

^ J- ojl-b*! ((JLb ^wJad)) 

(p Aj j j J »Ajj L —a b£ ol 1—> y 1 J> j C-vvJ 1 Aj jlj tiL Jj qp *A><2X>v* 

Ja>- jU^sj J # Jj>z^ £-—slj 4jj|j qp Aj^lj .C^l ^|4 j I jL^I oUl>bi o 1&L*0 
Jjb Aj^I J jJ&J a^jI 3 .0~*»l ^ zz: o <^{l*p <S33 Jo* $Jj—a aU^' 3 l-U* J^lJ 

(«p z= O^U)> b<y AO J^)) CU£>- JJ> J J C^>1 Ia3 I jk>* 

.Sjls^ (z b ) 9 = o ia>- jl aS^C-woI 

J) ^—L J J (S3 j> «X* bwa 4~*» IJ aJsa/ y> j*> I ja 

jS^Ls .Jj'I O; JJj ©jUl ol Aj Vb JJ> j7 Aj A5^C|t^ j*f <j* J* 3 * Ji c£jX«^ 

6bt/ Ij (5-ij.^b* 4*n u Y*| 

-o-lJ jbjj jA .i^5 "lJl) ^*j aLa* y& J^ Ij wo-I j jl sj a^ ol y ^ jJ bo I 


J.bj-j .C—v«l A^2 I>m^ lj-il 61 3 *Xa bu* ^tbu*) A~»> jl ^5 sj y 

Ji J C^I (Cf* — C-J Ij)) jJ J 4;>-yU £j^jl>* C—«wujAj ^pU«*» /2 r *A^tj 

j—f 2y>£- Q q jb j ,*J b jl j—% C(p ZZ O- b)) A>xi-s43 J ((Q —Z Oj 1—j)) 

c^U^lj jbjj jjjl .0*^1 0**^ -^1 j* A ■?-ju03$ J c*wl 

a^p f X->-\j j\$j> ,c^l <(^j:>-)) 3 x>b jl J J 


J J iffjy>xA ^vla**» J-^ jAjf J A>ii^? j) J c^IAj) j3 +*>I oLaI>s>» J^ a5^c—«j U*a 

. o>**>! «i3j-^)) c-^jAj 61 c- 4 >“ 3 o**^l ^b>j OjS" 

j ^Lj aJ I jb a^ ^1 6 Liu' I j -b^l 3 jb j> y . \ ^ 

^j—Tc^lj Ij ol^:>v9 e> Ixuo ia r X (2 ^ — d ^ ° ^j —* 3 ^p^j-i Jf ^ 

^—j 1_«J U O L^oi/s a lic^o tiv-J V • \ A^ JI A^j U>- • |^» U 

o-I^Ua^> lo . 3S 1 j jlS^jb# ^ J*^ 1^^ *_ ^ b aS^C-o^I ^ C-^-^-' IJ 

(p 3 0 3 T I ^ I O-^o- b j. Aj b> C^^5b' I j 4 j L**> C-Jt»5b* 1 O-m*^ J 0>^5\J I tC-m IJ 
J^ -J Z 3 (p 3 V C$1 A„> I^U« I otsAOa^ J^ jJ ^jl A> OJ«b Ap-^aJ J,j b ^ .Jb l^laJU 

. 1 z 3 y 3 X |*jI 5 obai^ 

I jdl b6l IJ c$ 3 *“^baX>v« o l^X*0 J^ j^>i> ilb 

•c-o-b ^ Y*\ ji a 5^ jjlaj' ba ^/qp j dQ 3 dr a3 I *Xj I Aj qp j 0 3 y 

txJ^' ^ aIs^LJ j dr c£jbu* y j^- dr 3 r c$I^U^Aj t$j j. TaI^U 
^—>1 jl j c^l r dO ^jb 0_[_ dO 3 0 *-d j>« c$b Ijj b 1^*3 j*-* 

J—! IJ—^ qp + <p 3 tp C$bljJAi ^btw A>jb5 4lv?i_9 aS" ^ bb 

r sin Qdr d<p 3 rdrdd bc^ljjl^s^wyAj c-o-lw» .c^l r sin 0 dtp 

r * sin ^ dr dO dtp ^ j I jj Ip^>- j r x sin 6 d9 d<p 

C-^J 1 OJL& UU<Jb>rj 1 O LsIpx^ 0 l5vU*»^ 4 —JjJ I bdi I Jz ■ 





Jj! T *—>- oV L=- l£j jS*"j c^l^l I 3 jjli o [Jsc^a <£ L^a 15c*o o" 

{J kp-l Jjk 0^5^ I j>A o! jj’^ 0 I J 4***+a I 

(Ji) 3 P( \ O ^ O ? ^o°) 1>U/ j : > 4i^Li t^yi? L5 —>*J— k jl oiliXvol tj 

J C(\o^Yo%YVo°)(v)j5(\o^Yo 0 ,<\o 0 )( V ) j ^(a,f o°-,<\o°) 

j—^4—; -k’k* oloa^i .o^/f o-^wXj Ij /)(\ °,f 0 °jTY 0 °) (o) 

r <■ 9 <■ i p jl -Ui’jl^ 

^°fr , To , ^0 , a :^ , ^r 

j^o) t u\0^4j oLa^rvo J^JUT 

L5~^wT^! c^L-^jljjwo aj ^ JfL** J_>- t£jbjV jJ.-UT jl a5"oT jl 

*b-j*J* ^ j^l j^j^jj JfLMj ^<oUwl j 

oj^-^ 2; —a 1 j aJ Iwj <^j\js>- J j c-^l J*S UI pjli oLal>;.« alSwo j} Jjl 

(Jd*V < “' ) ^— 9 -^ L£—<S 3j> t—£ <_^ I -A.—i'1j^*j| O L*al>c/3 o.lS^O J> 

^ A —1 0 L5sA 15* J C~**l CJ$P“ Ji O L-P^T^a ■<£ tSC^O 

a l5wO JI jk>-l—» L*rLv| 61 ^ys> J} dS* t^l> 4,1 tS\ j* a5^ ^ ^y*~ {g'J* 

4 _j o La;^ c£14A LSc*o J-i-V • co I ^LL:^ o 0 lS;uo j I Ls^ 
L>—i I ‘4*d (jAlSLftlS* Jai9 ObU—; £_>-ij LT'-^i ^1 J3 & 

tSUb 3jl(j?.! a_ 5" cues' jl^i o^Ux^l c->tr 

*2\jS* Ik* U aS'cSj 1 ^ J jj4j OJJ XJ L>- 

<i-L 4 j I j (^ J oL^>^ a l?j**o jlijj iil; ^ JUj ! Jdi I 

L*Lo| j[5~ I jk; 1 jjk cuLo^^i 

til . JA Jj-l*: <S jZ'i* J U J^C* C5^i 31 ^ jl^ ^i>- jA 

o 1 ji ^—5" A — A s d x -\- A y d tJ + A z d z ((^^ 3 ) ol5c*o^ j$ j.b 

ji jb ^—j *tL4; cu^j t^'fz J y J x £-i I y A z J>. A y J A x 
A x JAy -9 A r oTji 4_r 2 = A r a r + A 9 a v +-A£ M ‘^-iSto\j^l 

Jj JJ*. iJJ\z J <jp J Y 

.cua*^j^jI c-^*l c£ljb Ax) piluS^j (Jjl 4i>- ^ ^IJLS^aS^^I 

cSJ^k Ij oL^ isIqa&l*} ^S I Ij L&^xu J..JJ IJUj I ^‘Ij^ 

p* ^-9^ z= o ol^-jv? ^jw t |»—j jf J& ji o-^l aJi^ 6^b jb; y s . \ J5k ji a5" 

^—i '- J * 1 jj—il (^^-J (p — o 4>ksP» L y “ O 4>s£w( 2 J JIy 




^ ^3^3 ^ - ^**'* ji3 -isj IJJ P o Ij^J i *dad/ 

x = rcos(p y = rsin(p z — z j 

r' = x ' + y x tan <p = - 
J a; 

<p J r »j* 3l j z 3 cp 3 r z 3 y 3 x Jjl jl 

Ji 2 °^CS^ cSJjLjAj <V**j z 3 y 3 X i—*«*»■ J. Z 3 

***^ J^ £Z_ I J J-v\>t/Q<A J iZ-> 0 l^W-O 





' ji l* Ji-V £tj^> t£1 ji 

B = za x + {\ -*)fl, + | <2, 

Ji*V za x -j- () — r cos <p) a y + tan fpa.*>. *? Ja<‘ jj b 

.l>I olXUO Ji J; JL7 Ji pJt9 jJ jl Ji I 

A x pj ^ ^ J* ^ L* ^15" Jjlai .^5"^ ^j^ ' J UdiJ Jj Jj j_^T I 

Acp 3 A r cSU/IjiJ C^lA^j }a j^a j pjjli C~0 Ji IJ A jlijf A z 3 A y 3 
olS^i Ji j-Jb Ji a z cSL_ftjli^__i aT^j Ujfjl .pjjjTc —jl Ij oT ^ J 

jijjlo^ <£\j> .Sj> Ja! j^- Ji yj olSjLvi ji ji jii^j ^ ^UsAiJjx cJU/L5C 







I f o 


Ail jl j—j L b ^^b ^jij* 4 A r ^3* 

jl^Ij ->bjj jb^ jt^J^b ^ (Sj^ ab^b w-4^" *^i *^k 

,v^*^ i jbA Ji 

.'I j b 


o'- 


A r = A* a r 


A?= A*a v 

pjjb ^^b (jl^»j^Lsl>- jyjl ia~j \> 

A r = ( Aja. + A y a y + A z d z ) • a r = A.a. • a, + A y d y • a r 

J 

Ay — (A x d x + Ay(i y -|- A z d.) - dy A^d^ • <5 <p H - Aydy • dy 

•^*1 a z 'd 9 v a_*a r o^>- 

J d .* d r ^b-b l£ l>- Ai c-l ^JjiXT ( J-w*5vJ iS^ji 

<Ji —tyZ 31 oiU^l L .^j/T ba y *.a<p 5a x 'dy J 

J_5-3 t^Ujb^ Lj iais l^j^aJLoU- Jjjl J.3 U 4^3 14 j l J jbj> J.S t^"b 

ji 5 j_? 13 ^Jaii Igj_^ab?l>- Jjl 4 s^j ^3eJiftb* t^jb jl5^ --r- 
J_>■ J L~> c^b i A* \ A-J 4>-_y L .^JJ JjdI J>- Ap-b jb jt 

:c3>b 

f a,*fl r = COSq> 

<V<5 r =sin<p 
d x -d<p— — sin <p 

<V 5 v = C0S <p 

ol5b*o jl ^4 jb^_j Ji»AJ l^* 4kjb t^ib' jji ^J’**** A oiU^i 1; 

ipjjj I c~*o4> IJ L$Ujt ^1*3 o15\I*<04j ^jli Cj Lalpn> 

'6.);-^ = (-^cos <p + ;4 y sin<p) a r + ( — ^»sin (p+^4 Jl cos<p)fli P +^,<3^ 

,jt<^^(0 ^ ^ silflA** 1 ! Ij yj ! J H ^ 

5 = (z cos (p + sin <p — r sin <p cos <p) a r 

+ ( — z sin <p + cos <p-r cos'' <p) d v + tan (p a* 

L —}) oUaii^ olSC-^i Ji <Jli* |j J .l sAaLi.^ Ai'^JjlsAi 

, 0-^1 

^ v ^yj j 1 .&li-\I) I iC^I a^b L-bl oL &*ska a l5w^^ a! L^o 

jToljj—>- l—* I o**i oU j ^ j^f 0 b 

ji UcjVib ( Jw«b aU.jU jl J b- .Os^l ca-U^j ^3^1 


r r 




x \ l>7 


4.*^ ^SL_o <_£l_ i ^~*>- j } ol5\l*o j&> $ 3~* j * 

■^<1^1 j I jl ^ ^ •r r 

S'S 

(_^l Aj I »t oLoU el^£»0 ^ li oLcXata ol£_A*0 tS Ja ^ ta> I ij 


{£ 1 4j I y^t\ Aj U C> Ul> ^ 


x = r COS (jP 
y — r sin <p 


pi 154j (^lAj ! 9.^1 oUtfiZLs^/ 


r=][x T +f 

c p = tan - ' - ' C-T* 
r a; 


H^r' 3 


A r —A m cos <p+A y sin <p 


A=A 


ix' + f 


Av ]f^+f 


A v = ~A X sin <p-M y cos <p A =A T - r— ~Z~ +A v t tz -—~ 

+ y# +y 


>4, = ^, 


A, = A. 


ojb jijSjJ I j 0 ji o^^owU. Ll* a5C j 

Obal>T^ ftlSvZvO (_£L_fc4i)^« ji ^ li C->ls*£>v-» ol£l-0 Ji lfc<u)^* i^j IJJ I jlJ 

o—oj ^__1 j—k <jI*a jl Lj lx>* o*X£ cob 0 i ji \<y <_£Ia/I j^\ 

jjAs& 1>*4j )e y jfi i 2jI JJ jl yJ J C~3J jl5~b ^\ Ji 1 y & Jj IdJ^ I 

.0-^1 oJU» 6 il£U*l l^J { Ji t JJt> il«>u l) i Aj £>•} J a 5^i*X>-l J (_s Ifcjbi 

U <S3j> o l^aUr>» 0 ISwOA; pjl_5 &l5b-0 jl jli ^ J-J 

^JA> Jajljj .ib i)t)iJ —i jl^A—j L Ij S^P^J 

: JCj I o~*o4j <b&31 Y• \ Af l<b ^ J 0-^1 ^0-U>6-J Jj ! Ito 

x—r sin 0 cos cp y = rsin0sincp z = r cos 0 

v v v v ^ y 

r=x^-]-y^ + z cos v = ./-= -= —=- tan <p = - 

l/a; T + y T + J « 

^ ^ Y* t a— j vJJ olS^U»i Ji -V^-lj (^IajIj^j (^j^b 4 £\l£j 




ff 


■A?-1 j u-j jJiL& U- L>j 1 j! .uUj I ^ l£li« oLL p ^*5" 

jb^j <uJ J^(pJ U) oU^ al5^:,*o js-lj jb j> ysjA (S3 l 'JZ&X.A ol5vZ~0 

J^-b i£ l^j jJA*& Ip- tc^l (|>> li) jb a oL^ jb ji o^s- ji (^^^oLsu>^ 

- Ij JJj jLw« Q z Ij 

a r * d z = <L * a r = cos 0 
a e -a 2 ~a z 'a 0 = — sin 0 

a<p+a z —a z * d<p= o _ 

0-^1 jOV a;! ^ j ^ J^Li aT^> 1 : ^aJUU- 0 wjTc«o4j ^ 

U A^' j S3J |j oUn^o A_>-jj jb J? lA^Uf 

t ^'“'-^CS'° ^t*^x I 0**^Aj(_ 5 t^j ttJllfl (jlj^PAj i J J ijijj 

sin 9 sin 9 o\^pj & ji^aJ xy S3J b # r ij^i 

. 5 ^ sin 0 COS Cp C^jLwO A^Aj* aT f~S* jtjvaJ X 3 (S 3 J\j 

: l< AA* jLw<> oAjUJL ^jb-b 

a r *a a = sm9 cos 9 
d 0 -d x — c OS 9 cos 9 
dy'd x — — sin 9 
<V<z y = sin 6 sin 9 
<5 fl *<5 y = cos 0 sin 9 
^<p *d y ~ cos 9 

X f j Ay 3 Aq 3 A r (S biAij^a—>» l L AjAS”"I 

Aj|fiA*j 1 ( Y • \ ) CjU^JsI ^1 L j y^ ( j 

*?. _? (jJli) oLa^k* JjAJ (^lyj j 3L‘ ^15 caaj J 

O t 4 j ^5\j 

(m) 0!.>' 

.S(A,\ Y°°,r°°) (v)-> (i£l^l>:-l) ^4(A, Y Y°°,<S) (Jl) :i»liyiSoLa^ 

-u5" I a^ b ^5"" 

(M/r»-0 , (-f,f/r,fi) 

$ o(y) j (tJJ1) : b ( Y, — ^ ,r) JL>v» 

.Aj JJ I CU^^Aj 

(l/Tf-r^jv 0 j rrrjY 0 ) j (]/3’,v'rY'J¥ >0 ,r) 


ff iSjliji jJliT 


X-\ 


(SJjf i f fli oL>ii« t$Lg*l£iuO tstii) j/> ) \j>j~iZA 


(S 3 jZ' 4j (frj Li O L^Xs^a 

pj Li Aj {£ $O {^aZz*A 

x = r sin 9 cos g> 

r= ix* + y x + z x 

y = r sin 9 sin g> 

A- COS ' [-= -=- =r 

l/x' + i / r + z T 

z — r cos 0 

g>= tan - ' - 

X 

A r = A x sin 9 cos q> 

+ A y sin 9 sin g> 

-\-A 2 sin 9 

A r x 

* \Ij+yi + f 

A e xz 

^ 1{a? 4- y ~) W + y x + 2 X ) 




^ x + y x 

A g =A x cos 9 cos g> 

+ Ay cos 9 sin g> 

— A. sin 9 

A r y 

A,J ~\Ix'+y' + z' 

A e yz 

+ 1 + (x' + y' + z') 


AyX 

+ 1 x' + y' 

A v = —A x sin g> 

+ Ay cos gp 

i ArZ 

2 1 fj + y' + z' 

A$ ]/%* + y r 


1 (x^ + y^ + z* 


oL^:« (<-j) j 1 (lJJ I) \j F — ya x — xa v + za z j 



^uioyai xf 


r cos' 1 6a r — r sin 6 cos 6d e — r sin 6a v 3 — rdy + zd, :^L«=r 

:^r^* Ji"V ^ Ji ^ Ij jiJ 

(t^l^l^l) r {a 9 -\-a z ) (<-JJ I) 

(‘£*/') r (^e +^?>) (v) 

3 ~ yfl„ + #<z,+ ix' + y' a z '• 


1co' + y\ 


=[{xz 

P 

7 <■ 


— y]fx^ + jP + £• ) a x + (yz -f x]f^ + -+- £ ) a y 

-Or t + y t )aJ 


<W? j) dS* ^>-\j* 

1- Purcell, E. J. = «Calculus with Analytic Geometrie, 
2d ed., Appleton - Century - Crofts, New York, 1972 . 

t>i 1 \ ^ 33 cj£ jl ji >jy Jv 2 J JiIja J> j-y 

cJ'i <Sj^l3 <Sj\3j> oLU» yj Y \ JV29ji .C-v)l 0-UT t jj l/T^ 

2- Spiegel, M. R. : «Vector Analysis®, Schaum Outline 
Series, McGraw-Hill Book Company, New York, 1959. 

aIw.1*^ j| 3 oG^l I 33 b J li* 

.X>b 3y3 l5 ji 

3- Thomas, G. B.= «Calculus and Analytic Geometry®, 4th 
ed., Addison Wesley Publishing Company, Reading, 
Mass., 1968. 

6/> v 15 ^ v J «**33 u oiUl^l JA Cj o ^SwO A**' J j*Z>- 

jl jS U a5" \j jJ l; I .JJ\*chS j\ j$ 

•oiL <jl \V 3 \ & tSlfLs* ji ol^r^ ib 


J/ L*o 

(— \ 9 y , v) ^ (r, — ^ ^ dL_i ji _<i 

jl J cuUilj oLa^ cSU>Jj>t^ t^jl IaaJ ^£*1 .jjjli 

. Jj j j I Jj I j 

y j 3 V l 4 _j /p I_V 


cJ^l— j 




f£ iSjtij. jJliT 


I i^S* C^>lj oUaI?-.-« o l5wO OL ji 2 J 
j b^_j i? — — -? /I — ¥d z j—£\ —X 

.JtojT A — B(^)jA + B (*Jdl)i$U^r->a 

4 j_jioj-i ojb c( - f, °, v) 3 b(— ^, r, y) -5y4(r, - i,f) -f 

; I <—*jjHa^ 


Ojli ilj^l 5 4 i ^ -31 AS^jlijf 

C J B tj?. aI*o15 (<—>) 
ijb i! 0>! C b AB aIo^* jl aS" i£-Xs*-\j jb ji (^t j ) 

cSUjb j aL*j Aj ^UVt^3ljP> *£l t5Ujla5 ^fl _& 


^4 = Ya*4- fCy — &a g J B= —'fa x — d y -\-a z 

szS' oU iSjbji oj aj ij 

y 3 + 5= -fl.-flj+Tfl, -j f^-f5= Yfl.+ ffl,-fl, 

.Jj jjI Ij |^4 -j-51 j ^4 cSbfcjbj; .Jj loXi oib 

Y°(y *—z)a s + ^ °xd tJ — \ oa z \N /m x 4 _j o'-V i —Y 

I 0 JJ> Oi!i 


. O^zS"" 'J&z-Jua p(^ Yj^j 0 )j^I^oI SjUl j o*^- ( lJJ I) 

JivJ j j J jm^2>zA <U>-l_J Ji Ojl»A—;l ^ —-*J Ji—^ L—AJ ^ 

?c^>l j Ja>- (g j y J z— ^ \ 
l_; b*j o j li o->* (j» L*->* Ijja vi-lj a$"" I j o*^o-> I L_j aj Ltw« c5 1 a) —A 

jl jjj j £lL~*a I j ^j o js 3 c*; U f j -*bjli* Ji c-^l ji 01 

ijljy (ji j*? Aii %a o-pj*^ -^1-? \ o L* o jl ^ jj>^> il^ol ji Ij 

.JUiL b**' ^ ^j^* i I *J>v c I Ji (Z x (J^J^ ' ^_c^** jbj Ij J 

Ij ^Ujjl ji iL 

(^ o o O 4- fo o^)“^[( — Xx^ + ¥Ax— Yo )d m —(?x— Y°)<Zy] 

• (^ jrf (_s^ J * 1 J* 

(^*J> -^i) J* ^ (f^ij^^) SjlJLJl J ((-jj I) 

,Jj jjl o-vJiAj i Jj>JJ of b Lw I aT Ij 
.JU^ jt^J OJ ilj ejbji tj J-^ ( L r J ) 

^ ;l ^- - l ; c$ljj Ij ( ( — j ) 

i^j >*J ^U/> O^—J if*— J j^i** (*S“ J b I ( L ^ J ) 

ji to~£li OaI ij>-j J> I 40—ili 

C(i, — f, — f) j , — ^, o) J A(f, \, Y) J»li’ Ji JA* o-'- 5 ^ 

.wXj'jti jl^5 





b c ijlj J -U-lJ* Jb J OJ_,*» 4j |j liJi. ( *JU jj (Ol) 

Oj/T o-: 

Oi* (jiI ‘•'> <\&i jl~/ Jaib o^O—sb- jl sjUx-l L (o) 

?4 i L o— | 

4i1,5 E = — Ya„ + Ya^ + Aa* 3 A = 'fa x — Ta y + a,iS\*j\ij-i —\o 

. Jj I o S£ 

.^i jjTo-o 4 ; i? 04 ^ Ji Ij 31 (jj ISwl) cSbjIjjL^ 44 )> (vjd I) 

• Ck* 7 A ->* b 5 HJj* (^>) 

5 04 s- ji Ij ^4 <^jb js lk\ y (to) 

.^j/fo~o4; Ij B i£jj A iSAzji jtj^ (o) 

F ~ \ °yd x \ °ocd y + ba z <£j\$ j> jij^ j (J lSb«l) cslojl jjLo 4ii 

0-04; ( — \ 9 \ 9 Y) to 4; (r , ^ ,r) ^a* 3' C~ 4 >. Jj I j 

.OjJjT 

— ^) 3 (—^,Y,V) J (y 9 — \ 1 ?) ill' LT *f Xas uLi/ y 

.-UrfiL jJ<2w> £-} J* ili, M ^! J 4—j SJ\y i{J A 

3 B(-r,\,°) 3 A(y,y,-\) ^ 

<j£" b o 1 c-*>- Lo 4’jb 

£-JO.»j.ff=fa„—Ya, + Aa, j A = \ od x -\ °a y + &a z j_?l o V 

I | c> Lo t-U^i L 

jb j; (0)1) i-UL (— r, \ f y) SJai/4, U- jl j:*, ob jb* a N 

(v) jjTc— a 4; o-l jj j_j*s j a;= 0 4>sO L cSjl y 45" Iob 

• “b^O* 7 1 J <2 X 3 < 2 \ i,0 Js-lj Jb .j; 

J 5 = &x a x — by a y + ^ °a 2 ulJ;^ ja y> ij Ij f 
.JiJiTo-a *> p(y,\,r) &z>- J>y b = ojo S { y a x -x a, + ra.) 
J B = Ta x — Ya j/ — a, 3 A = ya x — Xa y + a 2 tSbjb^ y 

.j; bJJ «b C = fa, - Xd 9 + a ; 
iJ ^Cx^ (A X B) *C (v) ‘4r^ v 1 ^ b X C) (Ol) 
(^•^) (°) ‘ 4 jjT c-Ji b (AxS) - (Ax B) (y) 

b 

i^uL- Ij ^jj ^ y 4)b^ ji ob jl o^U:-.'l L —^ A 

‘(J4 x 2 ?) x (J4 x B)(y) ‘ (5 x C)*j3 (v) <B'(CxA) (Ol) 

•[(A x 4 J x < 2 y ] x a, (jj) 

OJ^aO 4j ^14/ljX-il oU^L« J3 i 7 ol-^ — \ ^ 



fY J-J UT 


F = r K sin g v a r + ^ cos g) a 9 

F — Y ^ J (j I ^S^(_5bA>-1J J b (J! o J l-W I .O-^ I o«-Lj b 

^ u*i*Z+A g)= o J ^o° j \A°° 3 Y V°° (£\j! 

.*XsAi jLij t J5Ci | ^-L> ji Ij Jl>-1j 

tfU/l^lUk, ja 0- jt cJj) E = (\/r) d r + roza g J^j^i\C}\^^\o 

^ a * ^ ^*4“^ ( ( - ft ^ 1 ) *°^ 1 J 

’' * k bc^p- (oJ£ 3 ^0° J 0J\ ) 

I « A ^ ^ c*$>. J: > jio^ UTji .j^ (J ^ s ^ pJB 


-> L^Ps^ Ji 

jl^Ua SjlJ/l ls^5"Ji ( < ^ J ) 


ioV/m 

ou-^ji u <3(f, iro° f *) j p(r, 0 °, *) u^- Ji0i! y^Li_n 

• ^ JJ t C~*0 4j (_^l4j I 

il» I L_j oI^_»a ^-j .Ja b tSjjS" oba^» ji ^3 ^jk*p *)jiio Jvjj _y y 


<2(^ , Uo” 


O Lw 4 !? ^4J 

i r=f J q)= f &° ( v ) ‘i r=f J0=9 0 ° (<bJI) 

.0 = f 0 ° j gp= Y>a° (^) 

W° ) J P(¥ t 6 = ? o° ) gp = o°) 4 J 2 AJ ji ^ iLaLJ _YV 

JJ I C —*0 4j (S3 Jb oLaI>-~« ji 1 j 


O j^ 4 j ^ | JL* _ y Y 5 

5 = ' o l>*.+y*,+^r(7+7y fl_ J/ 

^ ljl L-f (r,f, — Y) St* J* b olJU* .C-I <ob |4Li oU:^ ^ 

(v) ^ (v) -J (<J I) : ji Jb-lj jb^j 

. JJ5" < j**w S3 J> 

\j 61*^ c-s^- *0^1 o-Li eib c^l 4 j I ji^»! oUi>^ ji — yq. t — td ol JL»_y ^ 

o La^/j Ls cj ((J I) Jp- I j j bj —j db ij \j I L (f j ^ o 0 y) 

•4r^".^Usu^ (^_j) j c^1a;I 


_ ^ o o 

ojljj'l yl — — a r ^3j^ (S3Jb ji^lJL^ _y^ 

— ‘ \— f ^ ^ C^I 4 —i-?tj -? J-i 33 I 0~aO 4j ^ — Y*, Y , ^ O ) aLlSj' Ji Ij jlJL« 

‘^0^ J ? D= \a x — \d y + a z 

_ ^00 

.C*wo| dJ—^ ul—^ ^ = “y &r °- J ^ Cpl4j‘ \j^i\ CjI*^^ I JU _YV 

Jbjj L aT b CSl^jlj J JiJjTc—i 4. ( — o) 4ki- Ji b olJ^ SjU'l 





D — Ya x — Ycfy + a. 

_ ^ O 1j Q 

(c SJjS) G^ — —q t j ((^lo'l^i) (J N — — d. ^ ^—>-?i3 —va 

AjjTc^o 4j (^?U) (^ ? Y ? f) J>* Ij 
^—>■ .3 iSj^ (^I^aLSc^o 4—>■ Jj Lv« t j r _j I jl JJ cJJJ <W?jJ ^ 4-^ JJ —YS 

-* —? <J-?J ^ J L?I^J f jw^f J pj li O Ui2^a C^l^A l5C*0 (_$Kj J Ujli j 

?*A/ l<us j 
y &* Ji —f'o 

L. S. Tsai, «A Numerical Solution for the Near and 
Far Fields of an Antenna Ring of Magnetic Current,)) 
IEEE Transactions, Antennas and Propagation, AP - 20 
pp. 569-576 Sept. 1972 

oUj 3 jaUz oT (v) ^ I j { J^S' 



r 

t$* ^ I ^T c ^ib A«i> _ r _P t--> [£* { y~j | Jj I j J (^cJLj Ji>. j b 3 dg J U* 

J._5* I . p^^O b O ^ J (J I ciU5"*Aj I J L^J j A^ p^^^^a J pJ jl 3S^ ^a lg J J AX*W jl5si | 
^ 1 JOjf'} I p *— a -? * p-i i_# bi I j j3 b* I b aS^^jj ^a b> jjr>- 

^ViU-* j pr^? ^ * fT~*> t |»«^b^ ^JsiUx* j Aiw^xJ1 ij^oji 

tibS^Aj J *p?A^ Ajljl Ij a]^U,« «-U>* j (JU C->Vib* aL*t>- j| C(JH>- 

J —i b> ♦ jt .—j jlij^ aj pjjb c^jbjf jJb*l3l (jjsf 'I AS^^^b 

p^> oik’ -* pr^-2^ £*b* <y~j<J ^31 lj J^aS"(^U jT ^jj 

J — j+j j ^T j *&\jU j *y jfj ^jirj n^ 1 j 

; -^ ,, ‘' v0 ^ J* Vi b* ( j— i 1 JI I— >• CjV b* A^to c ^*5so (£ L^> I JL^Qjj U JU>» 

cJ I — >• j — & csf^r—* 1 j f3V b p-j ! jj ^ A$b I j ^.j b j ^ ( jUt*b 

.C-*<*I o*-bS^ ^c*wi9 JteA J I pj> JJ I 0 .<«*i Aj l^j | jl oi _^>Ji Aj b~ 

c£jL*j jLjj^'ii (J-U. db_p j ((dLT» jljo’ljJi c^biL^a jJLi jJIaj L5 ^>- 

♦ «-U^> bs/1 Jji I ^>- 

A? Ijl IJ VL ^>J (VjIjS cc^La bo I ^ 

L^J 4 131 0iUu>l L_j J cc^ili p^Al j>. jL t^jlijf p^j^ b Ij utb J i^pj^l^ 
Aj b I b pA b i***'I Cp^A ( j.>~ ^J>- b oiLo aI Lw>« k,b^>- 

!• Ohm 2. Gauss 3. Coulomb 4♦ Faraday 

5. Ampere 6. Biot - Savart 7. Kirchhoff 



AS" ^ l j 3 <J>>i j& I t£ I^T 1 Oj> l ^A 3 oil J&\j>- jjIj I jsI 0j jJ3 

c£il —iJ jl*Al>- jS \o ijsi j]a> ijj* (^IS^oVi IwAj f>\s>J U 

t —* <S33 ( j*J^Lx 4 J^lSCj | 4 j^J a/ 6lJ^ j*^l j*# cl-^o y .O-ili jiJ pjV 

3 j: I j>® f j bjj I Jj^ l—xi oVi U* jl ei I L pJ I y ^ j iji^ oij^S - 

IJ i)^ I j*\ (S 1^ V J J lij I Jfl jla^-J ^7 j/» Cj I Aa I^a) jJ J ^5^°^ y i t L^Zj 1 

■pdAJ 1 0*0 Aj OjAi J <_£ LgJ A*^ ijj^ Ji cSlojl? O 3 uLs<3 jj 

3$ (_5^-i 1 (I ) (S ! (S I *X~» Aj IJ 2>j>- A>-jj J^29 ^ I Ji 

^l^ftlSCo ji l^j lwL-« Aj j—$* j —j I .i j— S^ ^*a! j>- i jJj>^ il J I i£L<23 L p 

•'Ai jxi^j 0 oAji ^I I {_$Aj IS" Ak*a) I Lfe aJ jJ SjPtiw* l gJ Lf v^'^ i 5^' 

.ij-J *-*aI j>- Oib> jj j^li cSl&jiS'j IjA c£l ji J*^l>- ^.j b* ijl j* aJS"J i 

p-ftsi (Js<29 Ji (jUj Aj j3Z-* (^Lgj l*Lo J J-^25 Ji ^5\Ji i U jl J La Ja ; >*^ 

. AA Ajh | j;>- -A j J 

0«A**j p l^ij | pAOdA O^j—9 Ji A_S^ tJ"^ ^A I t LS** J-^ J ^ I •A ^ J^” -A l^"" 

* p*;^ ( B s’ 4 -A b I 0*« I 

o 5 ^ J.j*> vr 

^.Aj A— J C— ^1 oAj L» p.ojb'poojl JSUb- aS^ ^5** jlJu 

^j'L*^ JiUc JI Ij ((Aiw^&b Sjlj l^/L *jj oJVi jyTL A^uj^SOj jl 

A—S"Ao^—T^ jl eijv? Ij ij^ cjpI J oLpL ji c£jL«j L^jM .Jb'lo ^ 

^-f j4^ J—dhA_A (j^ / j vJ J *Alj Uj i js>" j^Av* 1 1 jj I j L j-^*" (_$l AjilaS 
pj_]p l^-T 49 !>Ip 6 j| iJ5-J L .JaT^ ^i> Ij sJ^TJ A>-jL olji 

j—c5 ji>- IJ ^ I Ji J 3>- o<-U Aj (ji I Oj3 JA>- Ij J i jj (jiaA* J Aa*Js Ap- jIa ^.>-j 

. JALi I JJj ((^f Jj j {_£ Jj^ )) li Ji b- 

^JT^J^- 5 OJjlJ^.ff'Aj y I ^ji I (J33 (^^1J cSU-^i bj | ^(j-^^jJjl 
aJ^J) Jjj U ^i I j* a— r cjJ> bob \ ^ o o J L ji a 5" i jj o b«.l5o I aSsL j L ji 0jj» jj 
°I; ( A-^j —j j oLS"ol ji L^; ^*» ijf (y pL.’ aS" t$il j* jSjj j Lj i^? j? j 
j iJl>- j t£5w j o>-ji ^S" j j ^—.jj>- j ol jJi Si I ji a5vL i i j>- (j j^jAj I j 

ui> j^j* Ij j^pjj j V T 

lt5bbpL* Aj iA**J*l (j^Jjl (^-^AU^a cJOv? tiij CO 1 j| JU; t5*^ 

Ujl ALij tiJj 4C-*J>b plaU j ijj j jJi ^*J| aS" jf Jjb 

I jl —i c5bb tii-> j& aS^ Ij p^Jj ji jj j-« j^* Ij ob pbtjl oJL>0**j 


1. Gilbert 



H OwVvSp 3 ^T" 19 


J ^ ^ 3^ ^ J&-\ *j>- aS" t^fij^ c£jjl^ jl oili^l 1 j Jo*3 i jS" Lj 

ais l—j j l£j /1 lii Li o .5 o I 3 j* T^'b ^Uj ojj y»l .JuT^ ) <j; JU>- 

( J*s J L*> -W 25 C 3 j 3 aS" ^ ^y j*/ ojj li Aj L* I . Jio Li l 3 \ s lg>ij Lj I 

J3 ^ S 3 Ji ^o-ib jb ji jS" • 3 J13 3 Luo.) L*> ^ 3^w ®i— sl+**S' 3 1 3 I 

J3) s 14-^ l—9 Ai Ai C-~~i AS" t b I j I t$ Lis U p ^A>- J 3 £J |J tlU-J L*j p 

iU»Li ^L j dL j& 3 l? Ij >J.i* 3 13 jfy 3 h j (jbajlJjl L <uilw 

• 3 jl 3 OmJ I 

Q 


k 3 L^j'T ^ ^ULi i? j L oJU c^IajL g x j Q s 

4 ; i? -? (C) c )-^^ 2 ^ o3l«^l ^ILJ Ijj 3 L-1 0 l5wo jl ]> I .o-^l c^*Lj 

A—S’" C^wl fjV I S^ji *3 a^^S* © jl Jj I (]SJ) ^ 3 J? J j~* 

L J^i L S3 L** ^ \ ^ J jp y i _ Lr o-> t* 

\ 

k = -- 

f7T£ o 

0 V 3 Ijw j3 j^l^ 1 *1^ Jj^ j:j3 Ltiji aS" ^ 7 ^ J-^b jl J3 aS^ 

(j^i ^ l c**o Aj jS* ojj li tlL5" Aj aS" (J^*5" L 0 V 3 aL,>- j I) JLi« 

3^ fi*A*«L 31J I Li3 ciii I (^3 ^—-i, 0-> Ij ^^vi .JU | 

: jl o-^l ojLp (F/m) ^ 3 IjU jj jT jlJLl« j 


(r) 

o ! *A>“ IJ 4 aS" wlA3^ O Li ^ J J*j9 A>- iCuuJ 1 J>-1 3 £ j | Jjla 

J^-lj a5 "43 b I j>- oLj J LsU*j I j 3 1 jli .^LiL *111^ 

iI Jb^l *j (y) ^ F/m jl 03UL-I l 3 .c—I C v /N‘in oT 

(^****^ w } I^ L* 1 I 3 li’-j-’-O . ^ ^5ji ^x5dl I tj j lV^j» _?1 3 I _? I S La^ ^ 

CJ3 1 .t_i Jja —>■ J3 3l>l .C—I o«A^, 03 I 3 «-> Ao-^" J3 (mks 

J 0^1 o<3j*» & 3 I 3 3 L—J*’ I S j^j 3 A) (jj*A-_> o_^cj y ,t_i _^3 .i^*oI oJo 3 

3(_^* oL^b 3L.T j^LLcJ I o3 c? LftiAj ^ .<_J Jj«-V>- 








jjj dj jljfdy li j ^ Jb 



^ ^^ 4j ^ 4 —i ^1-10 l^£f i L>- l a ISC—i (S L& Jp»- f J <Wfl 45" ,5 ^5" 4 p- ^7 Jb lj 

Ji oj-^l L 4 ! .JXI^j JjlJia o—1 U 4 j I jjj J 1 * 0 * 0 1 $jja 45"^a*JL5oI 
j o—I ojy Y'f Albf c5jL~* J o—I j jJ J^Ij yjj .Jb’bJLi ijU;l—I dLji j 
J \j- cjtH ^ o I ^ ^ ^j^ 1 JUpI jl5"cili ^j>-ji o*— Ij ^ 45"o—l ^JjjJ j I 
C " J - W* cs? j I jL ^5" .-UJj (ni /s r ) V ^ JJ-^^ Ji <JL 

^ J* 1 J_^£ I dL J Ij o JJ> 47s- ij£ J L j I JjLo yy ^1*5"4>* iC-M 1 1 Jj j! 

o—iJ c ‘** , i (Wf ° y ^ x ^ o~ v, 'C) ji i^ inks «l&*o ji aT o—i (o- 1 a). 

cJJ jyU .0—1 OJj^J I f'Xlo'* jj-b- cdj Ij ^ jl; J jS~ OL v—jy 
4; j aiiL J jf <iL ji Ij, dJj^.* aT _^£j I jL jj ^ <_s_j aT Jtej^ jU.; 
a— 1 jj^r 4 l —^-d by? L ^ x *i °^N Jij~> jlJ jl JJ> <Ali ZLa li 

X 'io -n li ^ I_j ^jrt’ C^l jfi O^^**' <oJ U-Ji OJI 40—1 
0 bO 4S"ovw^ ^yj ji I .o—I ju y^A X \ o“ N6 ijJj- ji ^pLi j 

J Lu>-I 4—5" Jjf { yx*.Z^ IJ a jl Jj' I Ja£3 jj I aSUj to—I i£j j> OJ J& I 

47>-Lo jlijl—.* Oj| ji ^.O—■ I JbOj 4^A jl o 1 Ji oJT jjlS"OJ jl^vj | O-Ij i^?~J 

C5 —’ L 4^ ^ J ^—*1 J >-1 (jl jb 40J^S3 I 4 j 0^7 oJ j^. 4l*j>- jl <.^5o i o JJ> 

.-U^S" ^ Jlxil Ij J Jj — >VUx>-l ^Ji7 jl J Jj* jS jjj 

^y yj oTaT) i( J^ 0-2*51 J4j (r) JjH\> C^jiijJ Jli.> l 5 >ji 

is>- iLu^l ji jjJ 4Sol jl o—l ojU oTj p__ JUujL/ ( 0 .u 4 jIjI jJ^5" 

0—1 4_jiU- J J lj Ji ^ I 0-^1 4 jO li JjJ j .^US"jL Ji J-U5lj 

^^ O*^ ^ ^^^' s ^‘'^^" '^ 2 **' 4*123 JIi^j 4—5"«J— Ij ^ LaA J Ij Ji I 

.JJ)l ,< « c5J^rj 4JAi u »^> oUj‘ (\ .y) 45 -JLa F r J g r 4 j 

C5jlij—J .0—1 oJj' oili olzJ wL— !>lp pA J g^ 45"^l^ <J,\ji jli^J 

Of •Jjjt^ jjioy 15 


p _ — -Jk 

T Y77E R r 


\r 




& 


L 


-I jR^ r il J— I ji J*-lj jhjj = a jT ji^T 


i? 


\r 


/? 






ft OiA- J J 



Gx^-i ,y> F x ts-^j ^b £*»)/& t ^ Q^ 3 Q\ J"\ \ ■f J^* 1 

•o^i 


I t^j l —j ^ ^5”* o j j< IS t£j I i jj <J U^u*j 1 {£ I jj <J Li* iSlu o I a? 

4_kir jj lj — \ o~*C <Jal — M cSjL-j j p( ^, Y,V') 5—Sa5j ja Ij Y X \ o^C 

<-rYV ui-'i -pi^^ ^ Ja »t>U ja g(Y,°,&) 

G\ = rx \°-' f j g x = -\°~ f 

^x = (V-\)fl. + (°- r)a r + (fl-V-)a s = fl,- Ya f +Ya.. 
a^-Y^+Ya, 

fl »H- y> 

rx \°~' f (-\°~ f ) / a,-Ya y +Ya \ 

x ~ rn(\/rf'iT)\ o^x <i \ r / 


= —r° 


a,,— Ya y + Ya, 


ifijlaj* O I C^£>- J C—*1 (v lbjf Lili) Y° JjJ S_JI Jj I 

• -<* iC-w^i oJui 4X*£>jJ* yj\ jj Ji J Ojljj’l (ji jTjyOiwO i£\j* 45*"iAp-|j 

J& J* ^ J— 4 jl j* (J3j^ 4_j yj I j Q^ y jjjs tjj jJ 




F r = — Y o a x + Y°0 y — Yo^ 

jb j —j AS" I jJ J ;C-wj| J, liU is?-** 1 Oi-Li O Lj jj3 jf <j ^ L> Jav-j aJ 

i JIJ ^5o *^^-i {^J c£-? Lw» o J i «-k 1 L 3 j■? J L 3$ JI ttJj 

p?lj>LS* {f-^ji Lj 



lSj* 1 o ft ^ ->■* Q\ I I ji j cSl^U; 0 ^ j$~ QjJ I —9 

Ji J l—f *^-—i j—f i JIJ ^B3j^ (j. wLi <A.c> I ^f I 72 ^ ti* J j^ 

^—fij Iz-^JJ 45”C~^l J I O I ji J> JU cSbt>Jy ^ t£jUv« ^5b i jb JU>- OJjU^a 

JUpI ^L^Jj 4j t^lfcjb ji £b 

JUpI .ijli jl^^( y'Oj— \o^\^) %\&j ^ p^U ji \ o _r C jfl^ 

• Aj JJ I O-^i 4 j IJ ^ J (^L&J b jl (iJj jA Ja*« J L ^jj I ^f Ot-Ui 

2( Y °0°J Y ^) ->* ? X \ o~*C (<Jl) 

I*V ^ X \ o^C (^) 

— YOYAa,, + W Y Ma y — \ JAA^fi r , T 39 y(d x — Ytf y — a : ) 

d>J? 

j*£)l jlwtyo OwU) f.f 

4—f ^SC^A I <Of Ij eS^Ji jlf J <pf^5j ^laj* Ji Of U Ij *£*U eSjlf jS' I Jl>- 

J Up I j I ^f ij3j4 Ui 9 j I 4 L 2 j ^ Ji 4S ”} jf ^A I 0wl& lo c pjo oS”^s- L-jl^Jsl 
4 >JUj- .ijli^—* JJ-U Ij ^JjjJ jLl* i j>-3 fji jb (jiI _,Swi ojlp 4 f .i j 3 >^* 
^jj j —f O j—> U 9 Iz^jS jl Ji j* j* S3j'* 4 p-^ U Q t Uj I c£j Ij l j pji j Ij (jj I 

. tjr* uc^ 

p 

t_ m o i? x u 

o-ili p*ftl p*«j j^; jl J->-lj ji ijlj (S3 j'J Oj 4f Ij j jJ ^ I jS" I L 


G. ^e 0 ^\. a "' # 


2\ jliO^s- Ojl —j J J If ^-f lr Jaa9 ( \ ) ^ iU® Ow^l j ijfiJa fiZ^S 

A —5” JUS” uW^jJ IJ t^jli ^ jlti^p lib 4kf IJ (jj I^j U .C^l ^ 5 *^ U j l‘J-lf 

•ijJj^' 4 o*AvP L I OI fc ^" 4 *teLi 






ffi -Jkja i oai j ^ j>r o^>i9 


wb-lj j^j aT c~*l cSjby fjjjJ <Jbj jt y \ olJU OJU 
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u j~t3 J^b ji ijp~>_^ jsbb ^ p— \ /(/■+ ^) j?l _ j o 

° ^ ^ (v) 0 ^ \ 9 o ^ f ^ \ (|JJ I) :-Vj jjT 

j^y by& g,iji do ji j\oh j c^i \ o 6 C/mbi^V* Ji jIj IsU- _\ \ 

To—I J-%. Ua9 j^l Ji jl J \ob .itja-a*' IJL^O 31 4.b>li 

y= ^ J # = ° ^ ^ ° _A C/m iJ-^k Jafl^ jl Y jl J^U- £ ^ib; _VY 

J J—d3 Ji |j s3>l>.ji £-?lj y = — ^ 3 x — O Ji — ^ o~ A C/lIlJ 

3 ( b b °) (v) 3 (b ° j °) (v) c (°, °, o) ikl' ((jJ I) :J/jjT 

*(b b0 to (°) 

jl z 3j ^ jlx*l Ji iljl (^Ui3 Ji p L C/m jL J lS>- Y' 

(v) jj— o A?^i^ ji I j E (lJJ I) .ijb <ubl z — h U z— _ h 

.3i_ 33 1 o^3* oTy>h <J\j (° 9 o 9 a) ji \j E 
Ji IJ E .^_;l p L jLi J tsU- Ju«l>. y 3 x C^IajY 

■^iJ- 3 1 O-^Jj CJ^I o J y — j; j 1 Ji ^ 2=0 4?nia? i?U# 

^ pL=&°n C/m Li c^-lj;£. j ijj^L_.* jl ; ji 

(°, O J y) (CaI I) :^Lk* Ji b £ .ijli jl^J y — -f-# ilJCul Ji 2= O 

.JiJjT C^Jj (o Y, o) (u-j) 3 
Ji Ji C^>- b^£ ^k>- jb til ^ L^>- _ ^ $ 

^r^°<9< y ya° j 

.liJjIc^Uj ( 0> o ? ^kl* Ji I j j? .0^1 p L j\j r =Z Y J 2= o o yji 

I j Lai ji j—i j c-^-l jbo ^-ijj—^’ jl l>jL^> I jl o-U _^ y 

3 z= o dLj JL—; <il_j (S33 p s (<Jd I) -J^JjT C^J_j z j ^33 

^ 33 Ps (v) J °<^<^ 3 Z= o ib C^JJ p s (v) r o <^< r o + ^ 

J c k^el (S33 p s (o) J-CO<y<CO J — a J 2= 0 jly (il 

•y Q ^y^ y Q + &y 3 - & < ® 

jL ^ L5L-^- jl ^1 £ jlJjk i(^) ^ Y .U>» 0»b’ 31 oilix^l Lj _ \ a 
^Lj {£33 p s (tjfti I) : -Vj JJ I O-^Jj J oVk- Ji 2 J L^JJ IJ 0^-1 




dbjU jl JJ lib cSjJ p s (v_J l z = o 

-°°<y<ooj ~^kx 

^ l> 0 « ^S~dzS~ ( J^^A Ij C-^lj^w jb J l 5 \>- J*U- <b V 4 -« __\ ^ 
.05" il»«| fa.. ji \j E= |oo a m — ts o a y + y o a* V/m 
p t ypJ*- J ^jU j| J^U» £ t n . Y j£*u 4>.y b _y 0 

c5U» ji ( 0 , o, k) ^ ji Ij z = h t z— -h jl r=cus\*-!\f~‘\ gk, 

jUi*l 4 _< ,a_. J& ji Ij jjli; .jljj^T j|jT 

^ — 0J ' (p s /e o ) a, c~sb|*-»lj_>. k= \h= la= y 

M-U jialjT c5U jip t =Tog o C/m V*l«- j c^ljS^, c 5 jb -Y \ 

jl -'- 9 - '° -Z^ \ o _r j — \ ^ y<J \ J #= O j£i JJaiw. 

jjl c—O j j J»U; jj |j £ ^jij jl-O. ujU jl #jlfc.,| l, .c—I 

.(Yo°, o, o) (v)-?(r X \o"f, o, o) ( V ) j(Y X \o“% o, o) (Jl) 

J ^ J 1 -; i.V ja jl J*>U E c5i^ J ji J, li jl-O. (j i) _ Y Y 

z = '°~ f m J ~ a <y<a J -a < p s =o o 6 e o C/m x 

J^4_r z - — \ o - *m j J 

^•Ujj ^k- 15JJ jl JO 1-0. ( v ) .JijjT C-J« (I=ficm iljT tsU jj°ot 

ojl«-l> I 4;>- 

^ — (# 4“ y) d x + {oo y ) a y 31 l>- (o^A^) j La Jfo jj£ aJ .j U« _y y 

• |**0 ->3s"I J-s/4 31 4$"*c5j LA Ji>J jJaju 1J 

ocdy-\- ydx = d(xy) L^lj 

y \ 

oV^L_^., .c^l o!j E = -a x — ~d y j& I jlJU^ d, 

y 

. I j I^j I jl c5^l-U7 3 { y t fj Ij jLi 

E e (cos oc d x sin x a y ) c 5 lj —* _ >-o V^U* 

10^31 I^( 5 jU Ja^-J JiJjTd—Jb 
jb Ja^ .c—I owli o^b F —(\ +COS Ya:) Y<z y 610^ _y^ 
4a5i (vj)j l-V (^O : 4r^" l-> L^*T J O—jiJjT O^^L_j Jali* (51 ^_J |j 

L-J C^J J—i 1 jli; 3 JjF IIj /r c-^>- (vj) j ( 77 / y ? o) 

.c-^l jl?3^ (ojl I) c-vq-mJ 
^>-1^ L _y y 

H. H. Skilling, ((Exploring Electricity,)) Ronald Press 
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Co., New York, 1948, 

J»* D Longo ^ Della Torre £-»v fY a-w <5t~* — ya 

.wblo-Ut) Ol^ *-^1*5^0*Aj 4XJtf|^ A^-^“ J 



< 1 a>*I ^ O aJ L*»>a< 4 j ^ ^ •r j£* 






Lj J ^i$jS p~0 dd ^Jji Jt 5 Ji *& jl ^Olj! ^j-J 

J.— ft 3* ^3 jl—i db e£jj J> j» <£3j3 c~£=r ^ < (o!> 1 ^) jLi -t^jlas^- 


JpjLk^- (j^l^ c-*mj *'j jl>-Lf tpjXi lid l jua.5^ o^ j * ol^V 
^I^JaiL* jb dU jl , I j Id ipjk^ Ojj-v£J Ij I^j 1 3 ^ 

Aj ^Jj :>V j9 dl>-ld ^; A J ujI? y r ^ 7 Ji>-4j ^pUd JjLj Sji 

jld ,L? jIk*- ^5j Ui L <wJJ.>- Ij ^dj Ljij L db 4$*"d^j^d o I 

.dAj^ <L)ldJ Ij ((cSjr>-» 3 Ouj^j^aj aS^JLo^ Jdl$"t£Jj Ij 


I —: (J Jfid £ J^SC _^53 I J Li dL AS" C 


i ^£ZJ h; 

tXvfl/0 j Lwj (_Jko ^£9 C^l j? 

j>- £^jl>- Ojis 4j (^IaImi jL jl OjliLu Jjk;^5"J js*2J cjLi Jajkd 
^+>za Jai Ji Ij t>> ^i I jld ^ 1 ijli .5 j>- J f jl-da db U-^A 


j ijb oL j 


^J^u? C3^ 3^ ' ->Li> fj 15^- J I jLi ^$iU J^23 ^ I J-> 

*^v* jl^S oitix^l SJjA dd 4flj| JJ J^23 Ji ^S^jIaaJ lw> Jj- c^l jl 3 

£0*^1 Jki JJJ—4 L^j‘ I J>- aS" ^\j Lv-a OiUl Itjji Ojta* C-JpAj fiJktfS I Ji U J IS*" 

0,5 Ia^j j L*vJ 




...j 


I jLi 1*T* 

(_£ 1 *X*a 4_j tj^***i*j (jiAJ ji ^JaL* ^-U '‘cSibli J&U ^ AY'Y Jb- 

^-j I Jjlv® jLmJ 4p- l^j 1 (Sjj (—(S b J*\ 3 {jf^i j^J 1 

Cjjlij^ jj^*l jLT^j i_a—>- c^Lfij l—*jl4j jl 4_Tt oTjl JL-<o jl aJ 

O I t5J J <^>tj 4 j p&i Ji l— -® 3 j** ^ I <SjJ> j*3 I 

jlS^jjj I jl A*j cc£iljli .cu*~* ii^ i^>-4j I- 5 jl li^j p**l j>- 

*jS Ji jl ^3jt\ ® j^ 4I>-Lj J?jA pA t5jls o jZ Ji 4$"ili j_^Uo o y>- 

i) j —® b J (Ji lp il j—® j I l&^jJp^oA jl .4j’Xi^>i C^i>- pA Aj aT 

p* o ji c^Lii pp*>- f Uj 4$" o^S" a*^j (v£b jj5sl l<_£i ^5"iL- aj b til jiSvi It 5 i 
CL ^^3 lt£i ilij ja Ji j\ c5^iis"jt !Aa3 L^j t Ji .i ^_f (3 _® JUj-l lj 
iljl <s\~&9 Ji L^ilvX^ 4 —) ijjj»^ p>elj J«j23 ^ U 4>- ^7 IjJ j O jT pJbl ^>J 
4—j i J* {jr* cibl^l I^j I jl 3 1 aS"^! ja aS" tXs pjb! 4 p-_ al® pp<J> .c^l 

,J7l?Xj A5*t? ^ Uj I C 5 I 4 SCjl 

: ^Ji J-j ^r* 7 ^ j A cri^-^T (j-UI 

oili 0 4j O-^a J Lj jJ b —\ 

ji C-*i>* pAAj J>-li jbjb o^J y>- (J3jn <>J* — Y 

Ji ^"a*7j lywu Y tu jAl C^v® 1>=a^ 4j Ip JSI JA j\ <S aT j l>- 

oili jlfl 

. J-i Aj[>J ( j^ j4j O I wi (J bu 2 j I b ^ Jj.j %J> J b — Y 
jb Aj c^Ia^j^- 4$\;jI <S\j* 3 Ui^- pA ji b ^ 3 j^> % S' f 


(Jj l_ 9- il jA j! O-V-i A7>-U? ^JV I J J I J; I jl L' ij! 3 j| Aj 0 JLi fi\2 I 

.Jji js (SjS ojlJj'l a^pj J& (S33 oXi fi\Jt\ I ^Jla jb 3 JJ> oiliUjI 
ojI^Xj I J^W j! 3j*> 0 j?<S33 jb ^ aS""^ I 4j )c£iljli 

i— i 0 *^iilj (j— 1 1 3 }j-l O-Li Dili ^gl^li 0 p J Aj AS^ i jj l^IaJ jl jb (Ji bt® 

4—S" c-^j5" A^t*i» jl i^5"! Js>- pA jl lj 0 / _^i Af"If- 

Ja^lj Oil® jl 45" J i>- J o^S" ((^jU-Aj b>-)) 

. p^ 9 l* tj3 ^a 5J I bi Oi L*** b ^ g« i Ai } \*la (_) j**^ I 1 3 O I 3 C*** 1 1 

O^—S"Aj J b ^5 I a 5* ili ol^J* c5itjl9 L$Ia4j js*j aJ! 

4—5" .ii JZ ^® *U) I ^>-jl>- 0^4 j {J*** C-****j oUaAj o jjj oili ^^gbvli 


1. Michael Faraday 



jji O! vr 


.d—1A o j—^ 3 l —j 3 ^ ^ L*i ^yj i— a*** b j a^^"_ 9 .jl b- 

el5b*o JA A-_j —■>■ j Ajb o-\Jj *—■>Uo'l aU>- 1 ol5b*o 4 j ^5sI*«j llT 

I 3 b« ^ I 3>- 1J (jJ 3 b**^ <wO yj I U tJ b^**** 1 1 A,^^* ^^LbJ t ^y3 A l^-1 

ijb j—t y —j I ob ^tj Uj Q b ^UMa S^!T*jIj j ^ o*-^^ Ij 

lSaIjU ^liUjT 

* = (? 

Ai9yfjlwXj i yJ y> jj \p I J 

3 a %_}*& A) . b (jk-b Ijf iSj^ i b^ki OAJJ I O-^-Vj i£\ji 

ja 'j*j—5 —Q 3 Q <-^y A —i b V* 3 b ^ b iJJji 

3 —) jb <ubl ^3j% o j> ^ ^b-b %J$ j! aiT y$3 I jLi (^Ua *r* •( \ -r J^-i) 

oAb^^i Uj -UlS^J Aj 1 3 a 3> fjf- U-i 3jhzj aT ^ 3 Ulo j b ,k j~2>- -k.^j.) 

..Aj loJLi 

jL Ja-j_a —j ^SC —i v .^xl I jb y] jS' \[f o 3 lJ—i I O ^l^b %J$ ^-k^ 3> 

£-* j* f7TCl^ C->-Lufl A; ^ydzvJ c5 J J C-*>-! jbo J_tki ASbj^^ aU^j I Q ( = ^) 
y (J—^ Q /U ^ / f77a T L$jb* Jyj jb ^ l£>- ,Aj*A j? ^ £i j J> 

■c-^l Aj-\>- j y j _l j c—l ^ 

A*9^i—^ d ^IwXj I J 3^ a ji ^ t^“ L_aS^" c ^ ^ a. ^ A \ )\>»* ^^\So»- 

O^—>- <JjL^0y ((^> jA J~A y iffyls>~)) Oj^ ^ J*/ oUj) O 


Si ^ sip 


Z? ^6^ J ojl^jl •Sr*'^* p* jbjls oj?3$ jj** c^lJt9 ji jb ^ J&* 1 

. boyT* dl^y^Sd I c_^i Lj 





V r ...Jjkyai 

^ J-n^l ^ (jf D <-^j>- b j^C^I ^ O-XJ'I j iz>- j& 

f£i i lS\>* 4-JT. O-wjI 0<AA< 4*9^5* 1>-4j l>- l5b>- b L>- 4j b>- 

j! J — 9 OibC**j| 0 Ojlj Ojl^A I jl 3 i-U5"U^y IJ i_Jla/» 

* p^^Ci' 0 

(^l^r 1 A** oj^S”j! iSj*2£ 3 o^l c^jbjj IA~« £) ^50 1 jLi lis>- 

£ I ol-V cjJJ> 45" «j(^L^ j'Ia^)) 03 j> Ji U« ja tc^l (cjli ^ l&>-» 

J C^***1 Alai O I Ji jLi Jajla>- 0^>* oU-A Alai * Ji .£) C-*^>* .0^1 oj)^iT ol jl 
JajJa>- O i j —J <^>*1^3 jl 4—$" Ja^]a>- i! 0*7 Lj C-~w* 1 t£jLw» o I ojlOj I 

CO>- Lwa jt 

uT SjlO/1 j ^Ui C^>* Ji (^C-i jSi I jLi W -J lS>- ( \ .\") JSC* Ji 

: b o*^j I <S 3 bwa 


D 


D 


Q _ 

,-. ^ Cr 

(^ if) 

e _ 
r .r^ ° r 

(•Jlji % f) 


<-a ^ r b 


Q . 

D- 

¥77r x a ’ 


(.JS Uj Cj Ij j I (S3J Q jb aT ^1 b>- Ji i jlSs^^S "3 iib>- j5" IJ ^1>- b OjS" jS* I 

4U?U 4j c^lAlai* Ji _^S\J i jb£» l5b>* Jj Ji w V c£jb 4j -b-ji 

^jj 4laj U b j^Ofc i^l-dai’ jb jl Y 


i(3 


«0b jl Jj 14^-^La £yU“ 4 j ^)b 4]ai' jl Ojbib J_jkj ^5" jlA Ja>- ^ ilJlw 

,J^T^ 'fTTr^ C^>- Lw«4j J (S3 Jf 

o 1 J*a O JUi 4$" i j5" 4*«J lie Y . Y ( ^ ) ^ ^ ^ b ol ^ ^ IJ 4>tJj JjJ I 

6bb’ Ij iljT l^Lm 29 ji c^l4lafl; jb dl ^Ui 1 



1. Displacement Density 




i Yf 



D = e E 


iO I CJi _/ b 

(iljt (^Las Ji Jms) ?Q: 


J1_i <iJ_i jl wUa 4_ } l^j I Ja^ 0 cc^vul *tA>- i Jj—« Ji ish ^ Y ) Uaj IJ 4>- 

^JLiii iljl c^Loa ji oljj*Ji jl> £-jJ_^j iiL (S^ji ii?*^* C5l4ladj 


(alJT cSLaJ ji Jala) (V} 



4_j ^ \ ^ 4laj I J 4j LiL* ^laj *JUl 



*>J0 I 4 JJ 1 <vLzj5j jlj tilj (jijU* jl Ahi Ij I J 

i j^ls* y-^ *h»\j 


© 


-5 (^iL^ iljl cSLa3 ji c£jb ^ C5^ (y) ^2jIj J j^. I jl 

.XT it j I cSLis Ji Ij £) aS^C-w b ^*&l J >* cSIaLj 1J IJ (y) ^ 0 

*_-**>b« bcij i J i U t J &j l(_£i I 4*J Ha-® (^1 ji (IjJJj oiU i J j]zb At ■ 

(iL ji iaU^a <S\^aJ jlj kiij (£\ jt c£il JU b* 4^5" p Jj-S j ^yb JUilj 

( Y) aHajI j 4s^Jj* Ji J ( \ ) 4Jaj I j 4 ^o-~vj* i jl OiJbx^U UjT (iij ^lS3 l(^i 

J J) ( yj 4 !^ IJ 4>*Jj Ji J 0*v-l (J bxlvol ^Jj t_ S jfr ^Jilfc* LI .Jj Jj^A yS 

.i v (y) 4 ]i^ jl o-X-^u E 

J> b*4j cC-***iI E ^ iljl Ji Z) AS^^bu* I jl 

^bjl cJb AI>-4 j Ij —i I . p tj—i lS-b AS^Xilj, ^jV Uilj 45^ 

.v^-*vl iC^I J J jk>u2J (ilj 4^" cjLi) 4j Z) 4^Jj! JjI - 










Y& ...j 


4kS/ J3 1 j |/)| ((Jl) .CUwl jlji I.X-« J3 ji (SltlaAi jL 

(*—>) .J^^Lm?-A laSi jl—>Ajj Ij £) .■Ajjjl (oJ'T c °J& 4 — ojf) 

.Oj5"^ ; ~u ij.iT^L^s <iii (j^jl jl 4$”" J5" ^5 vj i jLi 

:l & ! >r 

ojfY^C J ojrrAa x +oj6ff a s —ojf&o a z C/m*s oJV^f'C/m^ 


r.r 

(jjJ j^O jjI s Oj j^zj jl j*u* IJ jZ’j A ^ c £3J tSil jta iS^^i L*J I gi b* 

o^—5"*Ji f^> b iSJ ^k*** j A 45"*I jLs> 4$^‘W?!A>- oL ^ 1 At 

jL_j ^1 -o^l t'j-J?j$ ji jL jjS’ cS^U 

fctl-i Cjjj^zi j3 %J) f y^ ji c-^1 L c-**«l &Xz ^_j_ j^7 5jT£_k^ 

_i jOJ I jL 2 > —5*" ^-j aScjIaj jia7 cOj^v? ji .JJ>L t5l4kA> jL 

JJS^viJ_ j Lj iik ^k-b cS^b jS" I 4cuwl I j L ^ J> <ib jl ^^17 

Oj5 ^*XaI (£j*J3 (jlo>tAA ^ 5^0 k" qJ?{£3J ^kJl J5"jL c*A*i u yj ^ >Jy> 
*AaI j^j Lt>-I iS jjik I j IJ 5j> wX^ I yX jjfc 4^i JlS" j5sj i j 1*$< 15k- c.atJ I 

jlj Jj—^ —Q SjlJ_.7l 4 j J^b ^Ia cSJ-> jl; o^_?^ 4"2 

iS^i j^71^ t^ j a cjdj jl jSCj ^71 ^Js dL 1 .xS'p UJI S £ (SJJ 

Q $j=>r3 .(tcAcjl J '•fj** (^ \>- i jJ*~ ( Js>ji<*\, 

•Xs-L-i j ^ j=rji {J^Lj^ I ^ = Q %j>\x\ Aj y Jjf (jjj 

^ J& <£3J jL) <j> — Q * US I 

^j»3vS 4 —j *L_S" ijij jL <b ^IjU (ji^Uji (S^+^+jo ^1 

J>Xi CC^I 

y\a \—-i ^->S ^ . \~> .. >rt yb )\ '^iS v j^ v^y>^A\ 

^v^Ij j ^j— “ij*^ jj—f jl 4_S** LS" d-*- a *-X>' \j ,jy, «c.j'frtA ^Je>.*j4 o\ 

4«j (j 1 (jb aSvIj cVl> 0> J _^2j O^ ^ O^f 4 j o*Aj 3 34j Lo 1^ 

.ijjl I JO I (j jTS^ I 4^.5^ 


O J, —U ji J-j 1^7 1 0 Ul5" (Jj.b 3_^>r J'M 


,*Aj i 5y>-J 4j (Sjrylz-*^ 


453 1 


15 *. 





As 



AS -51 •P O jkjl D s J r.f J -^* 1 


D -AS u c 


0^1 iXj S'y 


3 t^ji Jy Aki* jl 1 CJj j-u2j ( Y * V^) ^ U ^ \ J iSJ^i 

4j,*nj 1 ^ Ji J i ** - - -^ I oJ**^ jd lj>t' Q 0 I ^£*d i ^^Svaa* tj l^t 1 A*. m ,> ji 

Jip-Jsl _^>rJ ^5*"C.».*l (_^|4 I*l.j ^^j^IS""J j^f ^ «J-i If ^*31 J ^ jg ** 1 C-x^l 

ji .ijiS*^ 31 (_ 5 ^i 1 jU> ^1 ^S"* g 4 j-il g J5"jl jS’l .pj jj I 

*AaI ^9" JD S ji I ji cSjl*-^ D L ijft ( jt£ fj} lS^>- jii^f 4^e-l jl £kA> ^A 
Ji J i _j-i O* U** ^Ja-» <_£J J C-—^ If ^ 2) 4jf c-**» i ^ jJ? y (%j I J J i i li 5 (j~i mU’ l 

j^x j ^J a3> ^5\Ji Slai* 4 j Ala*/ ill jl j I C^>- 3 D s ojlJU'l ^lS"C-J U- 

* , j+j ^*5 *j jla j Ji I j ^J 2 * 0 c£ j^* jsAS' vil __j O^A C-*w If (_ 5 ^ j I 

j J o*^l wiloj—> jL*j _ 1 jl (J?y*r *! AS ^ 2 *° <£yj y 2 *^ 

jj U<a9 ji jl c^ 4 >* 45Cb iAS ojl^—>*I L^j o' 1 ji^5" 

l£j 1 AS ^— >tkz«* jsJ jU 2lp 4^_Sui CJjLp 4j .iC-w*J If 

j^' jli^j^ A5* pc j *l y y <-5i^ 4 f 

y L«j* -Ifl^^j C-*^*f iJ_j—■* 4 I 2 L ji 4 ^"Cua 1 I c 5 f j> 3a>- j Lf 

3 i j>- j ^ I Owf ^-— 01 —'£" ^A J i JI i i ^>- J I y y I If i y^ 3$ 05 I • ‘■ki If 

L-jjljj_f ff^jl>* 4f ^*)) i If pl^J I J-iLf ^ArftonJLo C^UI^ olS*" 

.ij^ 







YY J ^ 


jS 3 ji p oi^>Ji aUaj j& Ji \j AS (J*^ 3 -** J*i j tj3 ^' 

ji ojlw 9 Ajjlj AS ^ oUj' Y*r ^ jfi oUa D s 
o^ -aaI^->- AS j Z5 S &j*& <$}■* < 0 J^l>- x?J?^ AS jl AS"eSjb oJ l>- 

A# = ^jjL?^ AS jl aTc^jU = Z) ^ AS = D s cos 9 AS = D s • AS 

J3 4 r I^ ^aaL^l>- cjfl£ y*J jl l>«^i 1 Ji ^ 0-^*1^ ^Jj^ 2 * l^ 

Oilil-v I cC*5jS* jl 2jjA Jjl J>^23 

aS* bbjLi £-<*>■ ^ ^ai**j ^A 2 -^ jl aS^ 1 j <^jb 

Ojjl OwJj Jj j jS*^ AS ^Lwlyio ji 

* = fd* = $^^D t .d5 

^yAi* aS^j'Ipxj l jl J C_«l Ci Jl^’1 

l—i r dcpdr 3 doc dy *#1—« t ^—^cs^a 33 csL^LjI^Jo J_.*b ojl 

dL jl Jaaj jLa^-l c 5 i^ V. c^l Aj'l^ji \jSci 1 towi sin 9 d 9 d<p 

jl j s Jl y>cj 1 o^—£■ jij 1 j s { ° y*~ *—A,i**^A j $ lo* 1 Jl jS<o\ d^-*^lp 
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,5j* oa!^>- YnC jb 


^j 1 ol» j !) - Y#yz r 4- oc x z r d y + ¥%*y z} a z C/m r * 

.jijjjTowvjJU j U- j ^Ur j5 1 j \ o“^ m r (►^ J>-^ ->b 

j^/l ‘P 4 (Y, Y, Y) •** Z 1 ‘P.O, Y, r) («JI) 

.JU*b flJlpU L ^>r^3.^i |V-'>■ <i-b 

\ Y A pC J \f¥» pC 


A 






i (f .v) ( \ ) ^ aLw jl ^^Ja £tu i J yk? C^** Aj At; OAb J** L; OjX' 1 

jtJ lj Aj^Ut OJJ I |^l 

^D. ^ = Q_ 

da; by bz Ay Ay 

J>* OJ* b 


dD„ dD v dD„ 


dx 


by 


-1 iUj>- 4S** c. 


dz 


■= lim 


§. 


D-dS 


Ay 


,. 2 

= lim t 

v o At; 


A®—>o A*- 

oJJo ^y_ j5\i Ip-- <j£j UJ o 1 JA aS^ 

&t— ^ ji p ,J >i ^-N>" 


dZ) » , dZJ * , di) * lirn 
~ + ~ +~7 = lim 

dx by bz i „_ +o 




4—j O-*^' O I 




ij L5C \jZj w _. _ -r . _ w _ w 

y> l-u- tisix* ** cj^2 j Ij oTjj jjI j! c^aa jl ji ajj 


dD »D »D, (jj 

dx dy dz Ar ^ 0 Ar 

<>jj j 


dD * + dD * + dD * 

dx dy dz 



^ *£ ] S. *-> (r) *&>.'*> ^ 

I^V ^ lA 5 ^ -* ■ 5 -^“k*LS^ w ? p ->4 (f) aJaU* 

4i~* dL ji ^^4 •^iiS A c^jbjj y* aj^ ja 

tJU^J^c A>tJj I 4; 4$” ,j*J^ 



...jjkj£3\ ju Jft- 


dA. dA„ 


dA ‘ r 
■——= lim 

02 A „- y 


$.*- dS 0 

dx ' dy ' dz A ;™ Ai; 

1 —l JjJ b Cjjl^>- ijbil b CPP j*> 3~- l^' <2^**'I A P 1 '' 

.iXiL ^Ski c^Jbj* jla Jufl j* 

A^fJJtr jAU? 01^ S’*A_j OU^- Ali w\S*0^_9 J*9 0>l.g^J ji J^ (jd 

jLJ C^JjaAZj iijAtjX* (J*L» A jb j) ^ ! J J j.O .c*9 j* A j>-42 IJ ( j^j 1 JJj£i 1 


{*) 


L^j jb^ wlLj <j-J f JJjO J~x J X»ji^ div ^4 lj ol jUa:>-l Aj aT 

• J# 1 i n -* e _.i O 11** 1 1 A^ ^ ^ A 1 i Va.® e^*****-' 1 J JA A., ^ ^ U^P ^**3i j**«j 

^-k/ jk£ L.£>- Sitj—/!>■ jl jl^ipAj !j jis** c£f ji 

•f-j^\s" 

^1* )\ )i a£c*>«\ s£)\k o\y=?- A )Vi* ^Ns*. 

< jyk^gft *^ J *^ yup Al AS v c^ S 3 A£m*1 

ajkji ^Juf oUt^kl OiJjTe-^Jj Ji (-J&I ^‘IjJjJi o J J 

c5l jJ .Jur^ dLS U A i ^J>i L J oUL3»JAj JiJ 0-0^ eSjli y o\Jy ^'IjJjO 
Ji ji e—> I 0ijZ5"J1 Jw jlj ^k Ji Ij uToPjj-w/ljJjO Jli* 

jl j$ ^tj^b ji ^blS^ a5"(^Iai^j ^ 2 **' y* ji ^ \ o^jt- .|*j 

jl A^^i 1 jl*A5-a J 0-*^i ^ I ^ JC^ b< l**> I ^ 1 A^- JaI jZ^> i-X-i Ij Al/ili 

^j-jljj jO JJ I j! . C^l (S3 j ^jij Al-J ^gi-l JJ 

jA-^P ^jj| 

^>»^o Ja*^ jJ ejl/ aS^ Jj t£ijU**V ^kji 0^ij>- C~*&j** A>J U>- U1 

jl J i - k vW^«>® I jfc jLw.9 U AS^ l^ef £ |tJ _A^ S { J^^ I 

OIJ A cSjl-^-*^jJ tik^Vd^b Ji AI**j ^k**> tik j! JJ^jjI 

• C-w^l jS Jjj j&+p JI bJL*Pj-^ I 

0 I- Ji Oi* < 0 I J1 > ) > ft ij " !^ *J O k*># t^J I ^ji * — 1 **'» $ " iO**-^* ^j - *^ 1J J ji i 

j] ,c^l aLw; oUa Ji A^W. elk (j^JljJ^O J O-^ I Akfli 

d^b -b a5*^o-*jjS*o!j^^ 10 tei-^1 J&*& 13^i JLi^ ji uIcp^ ^r‘ J *^JJji^ aS^ I 






LjLc j ' \r 


tO^'^jjo I ja JpLjiI lOjyybjj .^jlJU' ^j>-3 cS'aJ L>- Ij 

ojjl jL- a* (i-L Ij (Ji^b SlaS; jfc o'j i 

t>i' A ! L r w ‘ , 3j^i-> (OUa^l L jt-*'tjS^ Ij (f) SbiU 


dD 

rl; T ,r) _ * 

dD > 

L y J 

dD s 

QlVi^— . 

bx 

r . H 
dy 

bz 


© 


aj yJ a\z* I j ^ I 


flj J J JI »Aj J ij L^£>* 4 j AS"" (JJ— I ^ 

OW^S*a ^VSLw.i Ji JwMjio J^^ ©. J3 aL/Ij ^ju (j-^'jJjO 

.o—l ^i\£ 

c£Ia/ 1 ! O Ji y (for d(p dz 1 ^io ApjJ l^j- 

<£\j—i hj Oj-j c^-i ol>tL‘l c 5 jj— *> oLaS*^ j^ gin Q dr d6 dq> © 

^J l^ALi-J O Laik» o l5wO j ! J-5 j'-^f tS L^AiJ ^ 1— aTwL« f ^ o—«-b ( J^>; IjjjO 
o—wlj (oJi) Ji JflJ I JJ ^j l —A G l5wO o' csl—J* jJu* Aj Ow" t^***J* 

j 1 ji o^— L— Aj Ij L^j i U j *Vj*!oJL«I 


_ d/>« 

div Z) — ~~— 

do? 


bD„ bD ¥ 


by 


dz 




,. - ' d . ^ ^ bDy 

d)V/) = " —(rD r ) + ~ —— 
r dr K r/ r d(p 


AD, 

dz 


^(.5 IAj l ^O- 1 ) 0>l^<2X>fcfl^ 


iA 

b} 


div J D = 3 r -A (r r D r )- 


+ 


r sin 


' J ^(sin e D,) 


dD 


r sin 0 d(p 


— (<£Jj> olrfCsw) 


Q 


i—J 1 ^ia-> ^:>c'_JiXj Jjjj ( ( ti—>Uo' i_) ' (jJJ j^ LS^ir^ J^ 3 -^ t -'k jr* ' * ^ 

Ji .i jJ>fo jl eJ ' c^V'j J^ I ^y J=> '~ z ' ^L A» 

^^uolC- J Cwdjs ^uiljJ^O ^.laS Ij w ?’“ a ^ c ' *— 1 AS^ (^IaIsuxiI 

(—>1^>I J l5w© I jj^— j jl eJ I JjM.S ji A laAJ eJL>0 I L> - -*3^1^—* 

, C^> I o>Xi 







<ur 


o-Li £ji a$jJj Ji A*>-l jA cJ c5l j> Jsj Ijj (j{l 

iSJ^y. tS 3.)j* ( j-*j"Uj_^{i A^-^S" a£*-L i ^-U-9 -Lb UuL I ji 

.C-^1 (j_USL-I) t^lfljljjU.-i jl-bl* tiL JaC- I A„>*Jj 3 Oj^>^ fli i Jf U;l 

4 (^J 15^1^ c5 1 * jl jjL-i 1—i b a 5~ pj —* jjlib 

ojj ^ I5^*»l jlJjw ilL ijJj^s aib 

i_ ) ijj.>-^_J ^IwL:/ A.J UJ^P j| J| A>- A> C^*-J ^ jl*-» 

!—j -L>-lj (^Lftjli ji OSjf ol^*A b 3 Si^I-il ^il jA (j^'ljJjO ^ 

<Lu A$" JLiT^ ^ySik^-4 Jaij ^jljJ^O tSJb^ oT Aj 

g.** 3 ij-i^— 4 £7 jl->- <^b -31 jLi is J^p- 

• 0»****j A**j 1 3 O I Aj 

©&.j£ 

t£Jj %~ \ f y aLa/ ji to.^1 ^ ji3 j^sj a5” Ij £) jb^iiL Ijjjj_: 

.Jjjjl 0~J-L Jj>t» 

D — e~ rt e~ f9 e~ t>z (9' a x -\-K a y -\- \ ° a z ) ('-^ l ) 

(\/r) d T (*■>/) (v) 0/0 (tfl^'ji-l) (v) 

fJ — AJ— YY->r 


((jTU <U-»j j^CJI) Jj^TU jjf 4 J^Ijw 

{£\jt iSjy^5 ! 3 33> 3\ ^—>■ IZj p-ft I J\^4 1 r,—** ] 

4?"lj Jsu IJJ.4?l jl I jLi J l5\—• I; 4^;' lu>- I JJ_jO 

*^t**^-?*^ ji J il^J^v^Aj ^-aJ I^7|*j ijj I ^JaS iS ^L)>Avi ji 

j) B'dS 


divl>: 


: lim 

Av- 


Ai; 


divi> = 


dD r dD„ dD , 


d# 




dz 


10 


© 


div£>=p {r) 

j+a&*±Xj <-Jii j*JQi I i^ jLS" A=f»^* ^ji aIsj Ij 3 (J^*l JjjJi <Jft>^7 Jji aLj 1 j 

jl aAU 5" A—J AS^ i j>*Z« c51 aLj IJ Aj aT C--^ I |»j li O Ls42->v« Ji i 

a-*a*I o-L^ |9j Ls ji a^ Ij ^5jli^jj jj*^ IjJjja 1 



\r 


JI b aT 41^‘jS"(V') Ala> I j oUa J>- jt 7 ^ y* 5J^U« J 

)jjjo ^L aS^^jjja c (r) y^k* .c-^i a*A-i c-ij/ div D *-b.J^>- 

I >Xj 0?U>t*L> 4I.il A Li I iJiA; I 0*^1 oJUi C-jlJ ( \ ) 1 j -k*V 

Oj/Is 4; 4^-^J b lj^j 


<f)D>dS=Q 


f 


jb CjfS^- *AP-Jj v-—* J 


Z>-rfS 


0 


Ai> Ai; 

tjiJ jb J^> t£j~- aj ^>. aS**^ISca j 

(f D*dS q 

lim a — lim a 


At; 


At; 


Ao—> 0 Ad 

I J b ^ J | O*^ IJ j div D Ojfh y*U u> o. 


div £> = p 


(^l^j lo** j —S*" Lj 4 i***> jiS\J I a jj^> ja L y aI*» j L^>- jt I 

jl a 5 "h»> 6 >- A;>-Ij jj C 5 ^-j*^ I jli jiS^^o i jA>t.z.a j o-^I jlJjb 
JA ^5^5^ J^—J ^ IS^- b UiA A^i^y £jl>- Jup 4j Jj Li* til>-_jS" lAl 

j\S oy^ sC^'Aaiu { y^ s > a—» lj (r) y^bc* -c-***! t£jLwo Aki* ol 

^Ja-j oTjA j^a>it*jb b lj 4 I*~j ta-j jl o*XA £^jl>- jbi ( J-OlS , Oj^t ii .JLul/^* 


- tiL Jj>-! j t j>>l~>! jj lj Akj I j J^ U <OaLv> ^ ajiS" J? 


LS 

- I B - - - - '*f 

a5Cj I 4 J <K>" Jj \—j .Ajb'^g * <Uaflj (Aj t J A l> 4 j ( Jj jU**J 

J 2~S t*Jj1 y aIx« tc*ib otj a~>j ^ oj j+oj ol y ^ U fj** I jj^a 

{j*3 1*^" 0 y J —& {J*-} ^ I y A Lfca I o 

.a o^-b-i (J^*v5^ U Jjl a)aU^ ^ I J^CJ I 
^k>- jb <iJj tjsl^kl 6jy>~ JA \j J) i j~j\jjji2> (Jb^ tib olj^- 4 j 

AI iAju y?-li yu JA ^A ^3 J* ^5^ ^^ 4») 

_j I d 5 " IA JA ly, J iC-**^l I y 0 3J j3: 3 y* Ajl 3 {_£^i I jbi Jt?^k>* 

( j*o’!jj jo 3l j ajIAj a j>-j a^ 4> j! 4 j jLi Ja^ ctL aS^c^jIj a*>*U 

Ij ^ k^A jL ^1 tJslj kl i^baS jl 4—Lii’ j—b JA —; y^P b ^ D 






<uS "^ c^ l ->4 lSjj i j ^lAiaA jS"l) div D = o 

ojLpo co^I J &>■ ^j J -^ W ; ^ div £> 

j oib* oL^I .^0*^1 ^ams> oi 0****! jIj ^*** jloJL* t tt J a >- o4 

,C-^I Y Y ^ bu« ji 1 j JjM i Oi jJ 

ul .5ijO>*» I jll ^J ^>* 4 j iadS ^^'IjO^i 

o:>* ji Ij ol 1 (J ji .i ji ol^; t^So t£jbol*V* j* iOji Ij 

t $jj p*A! j>- j& jZj* ^5vl 1 j l-u* 

\S3jmJ& O lyl">I.•♦ ji D oi^« oi—* 4—S" P ^ ^**- L5^ J jJ 0>*~J jllzj) 

lOlS*"^ il>wl J t^l^Jj^aj 

(a,, sin <p)/(r sin 9) (_j»n) 

r*a r (y) (d f cos 0)/r (v) 

¥r* (cos Y0)/(r* sin 0) J (cos <p)/(r* sin* 0) :^i yr 

ijjiJjji* L~a$ j y i^io j> j ji’ijij y.r 

4 S"o--^ I ^J^b *— O^J 1-* O** Ji i 4^" |>i JjTOw?4^ 

&J) JUO^j* jJiw c^bjljjlw* ^Iwo^jl 4^^’ 3 i jf ^ 0-*jIfijb^j t£jj 

^^ti *—> j*0 D jb ^—i Ji (S )3j^i ^£^3 4—^p-OS^l-Lj ^1* b pj’ I jl) Qwj L^q 

ii^i J^b- jj j oJljjLi i 

d£) -1 d2) >, dI) * 
drr dy dZ 

ji 4f\Jb i o—j^l^b ^j<^> Jt eilalwl L A>»aX/ I aS*" CU-I ^*^1 j 

• ijO>^£* ^1^3 l>- j I 

lJa* yu ^ y i--*Ua^ ^j-; I 4 j *£*-y Ij 

L ^r> ^ 


<D 



ta/iy»Lk JjmJI^ ii oVil^ J>- x>-ji ^ Li/* (^bjljjlw t^lAjy Ijjl 




yS3 I 

^ o jS 1 3 £? d? I do? lS^*- 4j 3 j) d jdoc aj uJ^I Ifjfjj a5" 

Ij jl c*4>* j—b j\ ^r 1 *'? (y* («cfe» Ja&) y iJ *ij*> i$33 4 

i£ L^f jJsb# U- 4j aS" ^jI L jqj J& ^ J*** jl^J O^y^ 4* 

•*Vj 1 (Jl *^0a j I 1 ^ 1^a*~wa <y 1 o 3 ^ 33 

:L c^*l j*\j* aT jla/ ji U y • 2) V^r^als^U- 


V*D = 


\dx a * ' dy"» ' dz 

^bu'l $!»>• ui-^ - Ij Ij »(»-Ij t£l*jl.>_^ ( _ s k-li t.5 I^j_ j»airfjU- IXjI 

“k'Ks* 3^^^ 

V-D = y x (D.)+j- t (D,)+±- z m 

Ipijb ^y I J Uji;! y i£yfjz^^jk* flsN i 4 oTji aT 


d ;a,+A«.) •(£.«.+£,«,+£. a s ) 


- dD„ 

V-Z): 


dZ> dZ>, 


dx dy dz 
I Jj*?> <£ 3 jb* tcu^l D jo oUjfc aS" 


- dD x 
div D = V*D = ——- 
dx 


dD„ dD 


dy 


■ + ■ 


dz 


iS ijb ^y & & *>■ j? to-1 div Z) 3l j$j\dZA jL~j v *D JUxuvl 

oUli^ o^U 3 £-—> jL —j V ♦ Z) y Ij ,3a$ y>- ^ l»l J* 

3a\j—>- eib <1 )IZj jiJ J5 4—r J Uft |*j 15 J5 J 2 Z 9 AlJ I c IJ 

^ji 33^^ diV D <~9^31 -pJ 

V *D 3y\j —d 3l ^ ^ (.Iri^ 31 -c-*^l 

^ja!^>- oiliu-l 

oLUp aSUj OJJ^ jlSy (J^’'3j i$\y J 343 4j* y t^jb y Jy \y\ 

yw d^l 31 <.3£ {y^3y a5^ i jJ 

^‘'O^ yj a>w/ 4j j ;c—! ol jIJa« tilj u UIa 5" ic^l 

a. <i> 


v«= 


d d d 

5 - + dy 5 » + d7 5 ' 


d^p 


du 


du 


u~ d -\- a -f- 
dx 37 dy ^ 


dw 

d7 


_^- : a o^Ui-l ul jl ^ 45" (1 j Z) (^5 bCu-l) cS'lojl^jU-i Oi I • \ 

. L*x*lf I ^s5i31 3 1*** 




W ...J J\SU» 


D jS"l 5^** ( J^1 ^5 vo jz V 

I ^ * D ji I |^^5sj jlaj ji a1^a*o ji Ij 

iJLS'y* U D 

dD, 

—^ + 

r 


_ ^ 

V-D = - 

r dr 


d , N ^ dDm 

-W+7 1^- 


dz 


^ jj 71 j j i t£l j —j j o—1 oXxt o^5* ^ j Ji aI^jj_/* aLj !j jl 45*^ 

. ^jjIJj X5^ *iU5**<jjl j^j-?l c—ji Ij t« JjIjZj 45*^*^lv 
oLaXs*^ ol5wO Ji p_j JjJ OjP Ji aS\j L>- Ul JjlJj ^alj j^Xto 45*" tlj 45*"^x« 
c5l4/l JIjj\ £j\^a&*A al5\—i JJ !**>' tj^7l>* JU-Ji 4— jJ 5 Lw Id 

U-i' yu ^ J.^9 U yj/ a 5\/ I jl »U* l« I .jt^lS^ jb lSI^Jsj IJ 

.ili 4j|jl Ij 4k, I j 

(^A*j (^IgJ^j Ji 4_5"* t^5I4 w2S 4jIj! 1 Ji Ij 

t£-S IJ JJ .0—1 JJ _^0 4*^23 j I J 4^J l>- J.AI y>- ^ Ll>*l i J jp# J^5v* 

i-U5" L7 o I jj a5\j I jt >- jlfci/ ^^IS"" jj^S"" I J j*Oj^ I o—^■*4 j 4—.AS" jj I j 4*ms3 I 

jyli jJ* I^j tp»j| jl^ ^/l* J 


Oj^ 3 


J* * 


D*dS — Q 

Q= J P dv 
V'D=p 


C—b 

j) D-dS = Q = J ^pdv-f'^V-Bdv 

40 —I f 4 ws 3 jU^ J >-1 J Jjl t 5 b 4 Ua>- 


<r) 


jb ^j j^i Iy i oiy^ 

^s l w A 4 >j h A ^ Vi tfl ^ V .i> j4 V^N^AiB 4Ski^A y^\ \ 







\^3> vC,j\^, —i v |jl\ 

* 4£**»i 

tC-^I (3.3 Us* (£j\}j — ; O l-^- 4 j& iS^jf I JOjO 4^23 45* JJ1> ^ -U» w\j L 
O .*^^ l—* 3 jt-JJJJ I C^-vo-^j Z) ^Svj jlS3 I j Li LS\>- (^1 ^j UsUa^l I j o I 

4^23 I Jj I ^9 . p.) J l5o ^SvO cjftlx^a >jja ji lj jT 45"c~ib 

*—L*a* (J I ^So I 4 _j I j ^»c£^ \!l\i \£^) 4 j IS" Aam (J I ^5\Ij 1 45* c^ I I J3 

^iir ji 0 ^uU jl <£ jh /I Jli« jl^J jXJ p5^>- o Ua 

0 ol ^"oL^ 1 p>j -j o 1 j;* t>5 ^> ^ j pij^. 

. j*^5" I— >Lv=*- ol isli* jl tilj J% Oi Ij U a5o! L“ ^S' ^rrr-Jjj 

tb i; (*«- ^ ^O'^’cs' 0 1 cr 0 *'^ 

jj^s9%^ S 4^**j J j t aO-i aib oLij ^Y*^) ol jdsii-* 

^UjI L viU-j—r 4 —j lj |v>«^“ ^5*1 J jSii Jai J5 C-^l eJ.O^S" 

<£j\£ jl j$ i^Jji b Of *j»- ^ 1*^5* pAA*jk ! ^jjo 

J^l-i &j>- ^jjl *& I ^5U Oj-i^ oljjiw 4 j 6j^; * j 5 ?" -31 

til —j b ji jLi ^115^>- aSnJj I 4v^tA>- .iXiL ^s-jl>-^k-M*< jl 

.X5**J4Xuo jl 4^**iXi Oa I j>- (£j Li I j» 4wj l>e/«4j ^ti,* 

J D—(y/ A y^Q a, *■) * c4**^23j l^XP UI di L- 0 L>Ja> I wtL j I 

tS^^t J ^L^a it*.* lo*« ji ol ^j* & (*±jf J& ji U Y A ; 



^Isjui jl 45"”(_fo^ £.^^ cja jjwjijJjsi 4 *'^ 4 j Lb Y-r jci 

(»»- ^-iai^ —> I Ji .Cvw 1 (»>f> fLj J5 ^Li J l^Cf \ 

.Cs>*JJ I OlXi o^l i Ol-ij 








L £) J^A J| jS^J I I JSj I l AJ J2*sA i£j\ ll) l 

iOwili oJU’U^sLj ^Ja** 35 t£l ji 3 C-^I i£j I ja ^3 9" -)t A>-J jlg>- 

(f D'dS= f f WA y x a\'(dy dz a x ) 

J S J —v J —vX a / 

+ JJ (- £ Ay x a.) * (- dy dz a z ) 


=/>-/: 


\* dz = HA 

:j*>jb aS" ^l»«/1 Jl 


a r _ vx * v v 

V ' D= 


Ij i iS3^^ 1 

/ r\ n f /*t q 

V*Ddv= / / / -.x^y^dxdydz 

c*?*- J —W —W —Y ^ 


\ \9 \9 

= A x 7 x 7 xf ” UA 


o-ltolwt IS" jj/li ^ I J-*P j* (ji 1 ^ -? 

I \ YA C IJ *-**& J>*b JS^jl L« j*/ UJ I j$ aS" 

/Xt) au* 

j — ^ y \^ ^ x ^ Y ^y b u-j'Ijj^.^ jj 

■ Oj JjT D — z a z -f ^ 2 t 

YA ‘YA :Vj> 


w\}^£»^ 4 a#^^ 4T t5 *>-f 

1- Plonsey, R. E. Collin: «Principles and Applications 
of Electromagnetic Fields,* McGraw-Hill Book Comp¬ 
any, New York, 1961. 

jLj i—>L xS^ I _jI «X*j a*J Ua« tSljj 3 Jj I j*0 1>- i_jbS"jl <i_ihS" I 

,C*^I 6^ I uJ ^ I Jw3S IS” I® .C *«^l ‘i -• •*L* 

2- Skilling, H. H.: ((Fundamentals of Electric Waves* 2d 




| ^ o o 


ed., John Wiley & Sons, Inc., New York, 1948. 

. Jj IcJd> jt3 ^—i j —a_j I jj jb^ iS Jl^5o*l j l^b j oLUp 

AxJ lk«t^l jt ^ J.^9 J *C3 J> j\ j5 JJj* YA 3 Y Y JJ (J^ IjJjiJ 

.c...*^ I A>- ^7 e-J U- 

3- Thomas, G. B. (j_ji ^ S«^ 

f' ^ o ol^tA*? Jj J .0*^1 KAJs jl^,5 ^—~ >t> , 

.C...»* I cdd jJLT 


JJU-O 

.Jjljjl^3 O~*o! (_£| Ad*d t£lj!j aS"*^ JJ bd c5ji^ d5b*J ^b^9db _ \ 

j&> I Jaijl ^ J^»J4j b C^*v9JJjA J Jjd^* Aldlj ji JJ 

db JJod» b-~>- ^5 JJ J$^Aj Jj lp b‘ £tj db . JJ j£^j* AJL>J 

^»lgj ^5bdf\J !j A$ 0 Jj Lw>- £tj Aj L^Jjh A^*J db J ^***Ijdb A^*^ 

AJ>J ^ O A^**> J Jjd^—• Ojlj db A$Lo Aj -J— £j jb JldLj Aldl Jj 

aJL?U Aj'Jj jl aS" d/jd^ (jl JjJ 1 L^Jjb _^9 J.5^ld ^ a5w> JJ ^A Q***# .JJ 
A*UJ IJ d>*-o u3 j—I? ^—>-JI —>~ . J JIJ o I5J IJ Lgj* I j$ ^_j JJ J did b Aid IJ 

(^jb A>- ((J I) .d/jd^ jb j*J!i jl Jj U- jl Jj l J ( jt5^-J b AP^^a Jj I .J^J^ 
db A^*> Aj -j— nQ L$jb I ('T > ) v —** 4. i£j& A*la9 jlg>- jl <db j& i£Jj 

A _Jj5b>- jb <-~7dd^ odb \ O A^Y Aj -|_ Y nC <-5db J 

l5s>- a — j l5jL-j J ( ^ o j o) aIJj ji YC t5l*vla« jt — ; dJ — j ^S*l *_y 

as^» jj p s — ^ C/m x J J z J y^ Pl = V C/m 

.Jj jjl O~ojj ( Y 9 o^ o^ Abb* JJ 1J D cdldL Aid IJ jl^5 y~ 

A>- cddlj Aid I J jl ^9 O lv2lit^ |wU^ JJ ^ O O mC L^l^hrtJ* jb db ^S*| —Y' 

JiJb-l J J^Ud Aj (£J j* ^>ilavJ j JJ odd ^ya^sdvji Ow®--J 31 I jbi jldb> 

LS - 

o<9<7‘ °<0<7 (J>) 
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(v) 


jl A_ r lj ^*15^ Ijbd .c^v»l (jPjY aJ b«J5 odd jb — Y 






...J ij 


i\J*A jS ""jA Ai J Y 4j c£lo J> (lJoJ I) JJ I C-^Jj ji j 

•C—I 'l < 2 < ^ jl ^U7jl J T o\ 3 z jl J j>* A ^ c $\Al\ jZ>»\ ( U - J ) 

j_A J oUw J 1_J j!^« C^t^J Ij b (o^ \* j °) j> J* (v*) 

•A kjibi 

Jl jL jl JJL) 4>- (lJoJ t ) .C***»l P = P (V ja) rlr iSj£ ^Ua^fl olSwO <iL_ Ji —£ 

.^ojT c^-Aj r = a j* b D (v) jly /■ = a J^b 

Ji Jl—J jl 4>- ^iJaJ I) P — P (/■/c£ 14j\|_^l 0>l,u£^i 0 Ls*~0 dL Ji —f' 

j r — a j* b D (v) Jl./-* — ^ ^ z ^ a 3 r — a £-*‘1 j^\ J—>-b 

.Jjjjl 0 *^ 4 , z— (\ / \)a 
jl bb> j\Jaa 4—>■ iiiL X>= y^z/ < 2 *.+ Y's/z + Yz# a 2 j> \ —V 

0^1 0^2^ Y 3 — \ ^y^YoTc^l^J 4—T o *>Jis£> jl 

^5 lS\>* 4 —j c$jL j_^j b JliT iZb ijjlij ^^Zjfb jl JUj _/\ 

. jjj^T c-^Jj P o (x oJ y o9 z o ) j* b D J ^bj;l p=oj\Y^ r C/m r 

.w^l YJj C/m r (J o c£jb J*U- — Y ^ z ^ Y ^ 

(<- r j ) Jz= — Y (v 1 ) J z— Y ((Jall)ji b i) J <—jUwI ^jlf qL—.*» <iA—i 

1 c^*u 2 = —Y (<—’) 3 z— Y 

Ij J Is" (jl_^ji ^—A jbL* Oli JS ^oU» jijjl 0 ***i-Xj J Jks^A 4j \ O 

Z — o J1 _^r? 1 .oJJ?^laj' Ji jl; <j^jJJ 1 jl b 

J-^L^“ iljl c£La9 ji c*^»l ^ = + ^ j x— + \ JsJi * _ ^ 

j ^\>a\ dL ita ub ^ / (\ +^ r ) nC/m r ij^r 

*^i (o ? o ? \ oo) (<—j) J (o ? o ? ojo^) (iJai !)ji IJ £ ^j&jIJaa 

Y C/m^ y-sf*- J*U- o ^ /■ ^ y- tSj^TL>.Li - \ 

p = O 4 j2j ts!^_/l .vi—l P=z — \ c/m r ts 1 <5 < /■ < 9" Ji i 
r^Y ^) o-^wU jb ^Vb- ji Ij J) t ^jIS* j j> 15 jl oiiii^l b cJLi L 
-r > f (o) j a < r < 9 (v) J r < r < A (v) > 
i Pso J*—i JJ-*' 9- < -r-c J ">" ^ r=b j r= a lSI^‘1 ^-<1 ^Js- —\ y 
j—ij oVU- c^l^j Xib £= o jT I I j p 5i J p sa ^ C jV Ij .JU’I p 5i 
• r^> b (y) J r <C^b (^) 3 r a (J I) :^djjT 
^Uj Ji jl 4 —^ ^_j’j jx5b I it-il <u~o jL ^ lSs>- j£ I y 

.Jj JJ l Ij J) tXib Y°(^ ^ f /^) C/m r Ow^l c^f Ij Jjs^ Jjb> 

ji \ o C/m r oib jj j c^l^j l^b>- j l§pU-i aj c5jL <s 3 j> V — \ Y 



U« | ^ of 


lj D ./•= ? ja — Y c/m^ j r=f ja Y' C/m^ ‘r = Y 

Ji R L *A*i L 0 *-*j i—; ^g-* jl Xi» 4—> O iXy ji ^UjajL* ji —j .X JJ I 

^i jjSi jk*£> t£jL** f^>9' 

J (Y y \ j i P aIm/ CJ iy fc/’j* (?’?) *'■ *i —' & 

aUp- Ji Ij ^ o Y 4j ^**^0 tXl>-jS^ 4l*«j ^Livv .Xib J)^~ fax^y** Z 

4_>- 1^*1 C-mX .Xj^l O-^X XS"^* ! J jl>- £.1 2 ^** aS~ ^*j ^57 j Li aLj I j J j I 

Yo-sX ojlXl 

oU^ck^ cl5wi ji jl j? Jaf>*A ^L^j Xl>-^5" i y ^>-XL jl j 15"L _ ^ f 
.C*X (V) ^jiU-a 45"Xftii jlX/ t^lAj IjXX 

/1-\Y 

5 = (^+')(^+Y)(? + r)[^/(^+\)' f + a y /(^+Y) x 

+ 4 z /(2 +Y , )' f ]C/m' f 

?oX j \jy ^ ja aj j \ mm J>ii ji jL jXX- L 

fj*s Ujjo L 14S"wL^f cj L |*j IS oU;?^ jl DiUi^i L 4(7 = Gi^x^y^ z) £ \ — \ A 

t Aj L D I jj^Ji jj I y m G <•GD 

:X jj I c~*jX j oVL> c£l y m IX* ji I j F (j-^'ljjjJi _ \ ^ 

F = x'y'z'a x +\ sin y a j/ + (y + z)a z (<Ji) 
f = »fl,+ i/fl J + 2 fl>r(v) 
F= Yr r (sin <p) a r + Y'r' f (sin <p) a v + V z a x (y). 

Iw**' I L CC*^a J {$ J1 i^ ^4* I J--* ^jX IJ J JJ i L t *5" taUfti ^_X> JJ Y 0 

ilj —i J->-1i ji (xif ->■* ^ y Jjj X ) {J^ s’" <^-5y* oL^>- (oJ 1) 

o.^>- jj 'j ^j> I j jJ jLi l^>- ('-y) 3 XiL o-Xi l L^j 6j> aj ojL ^ ^ y, XL 

jljy (^y) 3 41^-lxT <u-ij c---®V XL j aiXj ^ ^IaLaj' ji ju\ y ^ji 

iL t y+*0 xL5"iL XL Jp-li ji ( A y Lj ji ^ j* j> jLS" ***>-^j>- jL j>- 
<3LL>1 xL ji Ij ji ^.j y jz* y o jXp- °j«P“ ip jS^j (*— 3 oXi 

u^p-ji ) ^-j^cs^ L^L>- (Xj^ j d y^>- XJ> c^Jjli oXXL jl 4JLpU!>L 4XjjI j> 1^ 
•C-; L a 0^ij=T ^3 j£>i\ 4*il 4Z^i XL Ji>-li Ji (£\<&2£i ji y jy ji y* I 
3 8 <■ r 4j Up Z) = /) i£3j> oi^£^« elSXv-i ji aS" x^ u^j® “Y \ 

Z) r = (\ /^)/(0, <p)('-r , )-5 D r =f(Q 6 <p) (oJ^AS'^o^pjiXJS"uyj <p 

Z) r = /W (-) J 

.XjjT c^x !j Z) cV *Z)=:a;+ 2 / J Z) — D x a x *£ —YY 

.ijli jl^5 ^ j^>^ ilxul ji p L J 15s>- 4 j c^>-l ^ (*J I) — Y Y' 



vr ...j jksxuji* 


jl> c£l>- Aj .o-I ^ *D ” o Ja>* c£jj l>- a*a ji aS" ul —.> 

V^i Ij jl o ^ r a <s\j> p Q (J ^ A i (^■^ > - jk Jo^ 

.JU^J c£J J^> «J>-lj jA Ji jli j|jjw A^ .Ajjjl C-^^cSj^ Ij p£ J p o 

.JulS** lp-A^A Ji Ij V * Z) 

cSLii^f a> L-p- <ua ji AT^i oil; .ijb jl^i IJU ji g c5lAki' jL (J!) _ 
a_j p Lx>- aj Jibw c^>-1 jL dL g (j;U- 4 j (>—j) y ♦ Z) — o I-U4 

Ji Ij V£ I !j g J p o aIsj jl ji Cl c^lo jf 

^**xj l>* A^vA 

ji .o**l £-j 3—■* Ps ls^ k o^l^Sv Jj^.iSj k r — a cSJj —YA 

cSlj —1 Ij D Ji f VU3-l c5 Aj^ ijlJj c5jk j5vO cSlp- g^A 

ji oLajk* jl ^ (J!) :A_jf jj^> ji ^l_j jjT c^wb r^>a J r <^ a 

oU ^-4 ol5wO Ji oUalix^ jl ^5s-J 1 * ('^- , ) —> tSU j i j^l oUal^* o l5wO 

. XiL o La>i-4 ol5\i*o ji 

V-4* (*-^l) : y jyI jj 1 t-ii^ jl olii^l k iy4 — x^ya m — Xxz a z j> \ —X9 

.x:S oL> Ij y x A (v) J 
^ ji F = Y/ ,lf ^ r ol^ jf U a*so5 l 3^L y»_YV 

It.Xj.j_3 1 Jj ji _J 

o ^ ^ i j r=r ^ (v) j r— r »jS* («_jJ 1 ) 

i_j l^ y^ X>ck^3 ji <£j~>Jj a>- _y A 
S. Ram, J. R. whinnery, andT. Van Duzer, «Fields and 
Waves in Commnication Electronics,® John Wiley & 
Sons., Inc., New York, 1965. 

.0—1 AIs^S* ailiX—t 3 Jy* CS^" I jl— A i_jOi Aj (^1 

y .Y' aJ L— Ji>- c?l (j^> Is jl Y ^ 

E. W. Cowan, «Basic Electromagnetism,® Academic 
Press, New York, 1968. 

.XSS - o^li—I 




J j>\ 


ol Ja\ Ji ^I Ji ob^j jl5" J fj jf dyis l C-J Jv2S Ji Ji 

j I -L^> 4**^ L>t>» Ji O 1 J bCvo 1 i 3 I yA y ^ J IS" j y 15 yi 3 3 Ij fli L*» ^JIj IJ l ^y* ta ^' 

li Ji fliLa^l 45" pj jj ,5 . 3J> lli | JJ$ y &3 j$> j*-J_ j y jjUla J ^L» 4j 45" UjL 

<SjS J I j&j I I jiJ (Cv^ I J3 L*> 1 u-J I j* 4j OJ Ux* (£ 3y (ji I o-jir 

(jb j! I_lX* 4I**J wlL V_j li-rXj i L 

JJj U LiS j o-L^to ^*5"C5^i I p^*j I y>~^jf 1 S f^ A LSOi J ! L 

^S IJaJ iJjjb j\j —$ jl ^yS 4jLsU 4j S Ij eSjL^ 1 4 J 2 AJ jljji jlJU« 

yu^» t—>!juJ>- Q233 I 0 >«*0 4j J ^ ..^IXc dL (^jlSxl/i 4T 4>-j^a 

ojh Is jl IjjX—^I 45"^1jLw« {£\j> 3 y k'I y ^ ^5" 3 jXl j! .c-****^' 

3 JSsaa 3 j—* 3 1 _?-5o ( jJ j5" Oy\& i y 3 15" ,c«j 1 J^y* lx« o***vJ I S 3 y* Ji 

^y IJL-« a5" c^5sj jSS I olJU* ojLi 45 "c*wjI ai 1 oT JJ ,2 J d-**-*^ I 0wlrt>t»j j Iamj I 

3^9 4j y *33 Iji • SyZ <U*L>^UjIj £j m jy (S 33 jl L iu^ cw Lo^lt5jb 
VC-*^l £7^l*I»-1 4jL5Cj L&4ii^a-« j\ fc£-U j&{£ I jt iu-flix>s^ ^-5 Jl j$Cj Ia^4j ^15* 
.Jj I J9l^a LgJ | ^SsZj I ^gS" ji j I (_£l&4iJ yA 4j jlijJ 

3y&> 45" Jl jScJ I ttb -lab L ^ 1 ^j| ^ (^1 ejl JjU-i Is 1 jJ^ ^5 I 

^mw> **Lj L 3 LXa«^ Ij i 3 oI , -b'® ttajkXw'* y ^**S" l*-i-j 40-**^! o»Xwj 

.wUi'^J Ob I j 15" jtJ 33 I 4^ £_j L" I jl (_£^5" 
bi j I I—* ^ ^ I i ^y->-3 (J I) (5l O b J ^ Ij I 



V° & Ji-j Uj J (i j j 1 


1 ^ I J ^sl J {J^ijrj j?** cSljb aT i^ j^j&I y> aJ^Li j o*U»b 

jl jJ i Jj* O 1 ^$\ ji aS^ C-wjI J&} ! jlkA*« Jl y Li I 

<j\j—> tJ’JJ <£SJji *£* AXib Usuj I J ui"^ 

{£I o j I jj Li J1 j5L/1 <iL-i JaSa J* Li aS' ^ijj l c~*o Aj j& 1 <.£ 1§j* I Jy a*** L^> 
j y yfi Jl J&\ c^l a>- jS* .c^Io^Lj c£^5" ttb o I l-^sLuj (jJ ^ 

.Jib* C-***»i L oi i AS" ^S* ib o I Aj 
j I y ^ J * / 3 a 1 j {J 1 J I o Jj L*a L_j lz. i^^i***^ 

•jy jL® 

«S4j^ j& ib ££f£ C<£* j-^> J& oirw (»9^*st© ^31 ^ .^P 

j b <iL-j y aT jj j oj Lp ui yu aLL* j>& ji ^5 sj ! j l J^ ^ Ji 
jj I j ^ui LO1 jL I ^ J *L>- .i jj\j Aki’ j l j$ Js-i j LOl 

jlJU> iSJ jJ b lJJ j l$j lw* ^y j jJ c-vuj L^i cJs j>- jl'-V* b£A>- 
aS" {Jjy^ Ji .0*^1 J IS" jib f Lol b (JJy 1 l_3 j^9 ^jiwi ^j I J jjl ijb 0 <"^j 
tJi *Aa1 j _>- L5^-^ <a<l I izS jP~ Aj (jli*# C^>- Ji lj jb pJfcl^>sJ 

^LkjI oli*# aSOj :^Lol L \j jlS" ^gU; 
<cJs y>- E I IJ Q J b ^i 

b o*^l t^jLw* J I JJ Q j> fSJj-i 

Fe=QE 

ji O 1 Ad] Jl^ J OI >-L 4 ji Jj^ aS" C."*wJ I (jLtj I 

b t.Z i ^ 1 f L ^ ^ Lm^ 4 A^lp J 1 y^ b AS" 4 ^ T j 

F EL =F E -a L = QE-a L 

.o^l c?L jj J*-lj c5jIj j; a £ jT jj aT 

to**<1 jl-A^jl <£-)yi t-j>5 U«j <£) L~* J Ue I o—j L J3jj 

F ap p\ — -QE-a L 

eJLA ^Wl JL-Sljii jlJ'.C^I il+a\i JJ J^jI *-j j^akals- »J*i <—5 t5jy I J 

U o»“l l$3 l”' 4 2 4 )jIj c-5^ j>" 

2= —QE*d L dL= -QE-dL 

l 







0) 

.pi Iai^I lj dL ^o^L« ^laj 1 j di dL t£b>- ^ d) I ji *5" 
(\) J j— «J Jj &1 jii ji o-vjI \ Jb $ jlS^J jl JjL* 

3 d L l— t O 3 E 4 ^ c-J 1 I c^a I ^S iS L 4 J L>- . JLi b o 

3 $ j b a5" c *** 1 I L^*a t 3 33+n b ^d L 3 E f cj 

(jl>x^ 3 (^h. I 61 -V (j^ o—«oli c-5"j> ol-^» jj ^s* 4 ^ 

(.Jo) U^« 0 *^>- Ji C-5”" J>" (^l^J »Aj b j!mU Ji I^Jj ijli i ^T 3 ^ei 4j bij 

jlj^U^>Ja^J c£jj C-o U 0~£ j^_ b IJ j>- a£ .i J) «*J? y^> <^Jj* I t jlJL« 

(S3J O^ ^>- 45" Jej3> 4j i Oj ^j t5J IS" p*Ai o5"j»- *J l^kv^ I ^ J 

4j 1 j f^3 o j-5" c-jjcj Ij ^Uj jl L c5jIj>» Ja>- 

^1>J| l—J 0~> jlT L-aa» Jj 4 _i 0***jb^ p~&.i (J lj£j I Jj { y^ b b jjVb ^>Ja**> 

^b o5"^>- C^I^J C 3V J15* .^>Jl jl-L* Ji jb 4 j pO^5^; 

ijr^ ji3 Jl^5o‘l Ja **»Jj i jJLk^ tb^plk <ib ji-jb 


& 


Olj ^A»W* b ^ ^ | wL^J 1 Jl jJ<jJ I Jil V*Im J 

jJ dj 1J t5'-^W b *3 C—<1)1 3l-JB 4j Jkzi jj>»L^| J^A (Jl jSci 1 I 

oli ^j^bual>-| j I 4*^U^« J 

4-p) 02>‘ 

oiii^l b .c^-l o*u E — Y x*d x -\- Yz a y + Yy a x V/m (J^.j& • of-u 
ji lj Y°JLtC (^jUJT jb jili v^5" j>- <s\j> o-b5 ^Uui j!5" Uwlj jj 
— °3?a s -\- ojf Aa y — oJf'fdx o^p-^ljb^ \ 

4j c^l OJ? jl^5 (Y, — Y, — 6) (v) ^ |Ov« ((Ja) I) :J»B>» Ji-J- 

. Jj J J I O^V-O 

nj \ A->AA jo 



-QE'dL 




loy jSjJ\ 


f*\ f.r 

tlU jl Q (^IaLa/ jb Oolo *iSj>- <£\ji ft-Arfi I jl ^*<£\ji Jl I 4kj 1 j 
45’* o^l JI I <^b j I <£ I j-*> [(y) 4^ o U* t ^. V s ^k^i 4 j ^ki' 

u-JI^So’l ojj>^?4 j 6jl^xA c£jIo^j jO bI pj!^ jl &olii^»l L 
.0yblis J*Jt® (S il^l JO dL j^ A j'to$ jlo^J Jjk JO ul-^ 4 *■& 

AmmJ ^-O 0><*mJ L / <* ^iS’koU^i jJb*i 3i 





.c~*>l dL ol-bul jo £ jlo^ 4iJ ja Ei ul jo 
t JI^^Oj I aJ^>* jl (_£ l^J I^^Oj I f_C 3 L^.k*j 4**" JI^j^nj I 

UfL*l &£ {j ^a j£ I 4_j pjT ^ o Jj> - j I 4 j ^ Lp jj b*T ji 4^ C-w*jI j jj* 15 

J... 1 1 . p^f I 4 **j 4—j •Xi* a 43^P J p^-S””" 6 l^j j I 4 j p-JL k- j*u*j .d.***- 1 1 _5* 

iSJ b*-*? 0 I 4* i J <jT J p-*^<—■> Uwj 1 IJ {£ j^ A 0-«*J b 4$" Jb U 4; J! 'SCa I 

JO 4T jl {£\$J&y* JO Ij «ib jA J ^k J pj5** p-w-AJ ktk-^S^jL^j oUk* 

j15"*jJ 4iJI .pjT£-*>• pA L Ij b/ jJ j pjT 01 olJ>l 

oUks ol^» 4^" Jj I 0*0 4j ^ISOa Jl j5\l> I jj>0 jlJUfl J C-*->l £-*>• ( Ja£ ‘-•b 

.Jy^S^ C-J I fr .J t .*‘.4 j 

4Jai* jl ^Ja> OJj— 4 j*-* 4 J^** 1 J-d^ ^ • ^O^Ot^'tJ^JJ ^tl ^ *f J^ 1 

ol-^° C^l j —j J ^0-^1 oJ*£ ( jliO* i 4lajii' 4 _j E °l_pJ0"4Jjl 

... J A J A^^4* Jl t .0^1 6 -XjO J> J 

^^a>c-iw« l—J b ol^I^I JO £ t5la4dJ J* J 0*^1 o^-i p^-A AZ^ 

t^jL^ k^ 4 f ^ jl g jb o5"^ pjV jir OJ^ Jj| JO .Aj'IoJjOjS" 

! L c^-^* I 


,:. ' W= -Q(EA L ,+£ Lr A l lx + “<+E Ly AL y ) 

t^ij^i J is' 4; cSjb^rf (4!>^ l» 

W=--Q{E S 'AL S + E^AL^+ - \-EyALy) 

'■ ■ ipj\t>ljS' lJ J>Ji C->-l_^J Ij jl-V dj!>- J 

' E ^ = E^^=- ♦ 4 * = Ey 

W= -QE‘(AL s + AL^-\ - \-ALy) 


J^sxj JA ki id*5tJ JO 4f ^1-0^1^ Li Ij CU-'I OiA-i olX^Ij ^4 ^ 4klj . 1 

.tA-ib AzAil O Oaj Lk* »dO ^ L>cij 1 o<A_o | 






J1 1 .C^>l dL Ji ^ia>* Jl I 1 *1P j£** 

jwi oUixj 1 Aj 0!*-^-* cLU i j^ ji (3*^ B 3 A. aLsaJ 3 ^ Cj^ 3 . E 

,c^—*j JiLoOJ jt^jLXa tjb3 *■> O-—j ^5" l^pIfX-A (_£l A» ^ 3 *° 3 * ilyj .ijldi 


<jja I ftjb ji ?C**~*^ Vif (.^IajIiI^j Ji j t£jb ji ^LJaS A^Jl>- 

U jl aLai* jl a 5*O^o»l Z/^g jb^ AshJj-? **^*^'t3 4 t* f'^L^VttS-^_£** j^>"15 

J^jI 31 .C-^1 6*Xi> cJ.*J&' A Alaii Aj 

*F = -qe-l ab <\) 

<Uw>* jl ^ ^ Cj UL 23 £-*>- OJj.*^ Jl j^w I j~a J ( jl*ili jlai* Ji L 

ij/T c —0 aj Jl^-1 aLjIj 31 aImsIs!^ 0 V4 










^ o ^ lx> J iS j j> I 


w 


< 


E'dL (Y] 

02 j* i Aj Ai^^J Ij J 


W= - QE • ^rfL 


_j c ■■*** 1 Lqa o«Aj Lo —3 L JI^Sw I ^ I a5" 

w=-qe-l ba 

A,^ |»avj f c*^ i ^ ' *i** -■■^ , I I wJ«X**» aS*" l^* aJ Lm*a l^i 

( ^5ww L^ A 3 E 3 Q l£^—®>Aj j!j jib ci^t^ljj ^jV jlS"j lui* 
to-X^ il>ul^-w» ^jI^j aLap’ , 4j J5 SJ jl SJai’ jl A^c^l L^ A 3 

0-5**^>- jl jl J toi jf^\j>c;\ A? j~*«a Aj (3j* Jl0-^1 oJLi 

Ja>- viL ilx«Ui y4 ^ J? jl ^is* I—« 

^L?*eJ Ji .2j> *AaI wO i, ^oI oib- jl t> OJ& J>~ 

y3 E c^I j&t j-£ ol'V* j* ^ji yj j> oJaI^ 

• OwwJ I 

(j I *\** ijPy ( ^ ) CS^ 2 ^ ^ ^ 1 ^5\j Jj&aA At 

:^,*5il> AX^li 0 jiJ j& 

E = yd a + xd 9 + Y d z 

/t aLL* Aj ( ^ o ? \) B jl YC jl* j*- t5l^ 0 -> 

•fr^'r’l^ 0 j*-^ ^ <£3J (°- > A ? <of, ^) 

x x + 2/ x = ^ zr= ^ 

jj 3 dxd w -\-dya y -\-dza z ^ ^-—l <S3^~» dL fj?~s\Jus j*?ti oU 

I JI I 


f7 


-«/: 
J 


.£•</! 


= — J "(ya x + xa y + Y<5j • ( dxa x + dya s + dza t ) 

J °jA /“■j? /'^ 

ydx— Y I xdy — f I rfz 

\ Jo J \ 

*JUi (—jUo* 1 l/» jJCL» 31 >il» jf> j^y J <uJ jl jjjli* L Lj31 I 3J<X>- O I JJ 4^” 


•v^J -.ijjT Jii- b Old Chisholm Trail Ql L'^u J ^ 



i ^ o 


lu Jjl* j* J& ji t;j) i^Ujjb jz~* SJal»» 3l «iUl*ot Lj .0*^1 

:o-ib j>- yysji JlSwiO 


J °jA -_ r°j? .- 

x*dx — Y ]/\—y^dy—o 

o - m/.-O- 

= — [%V \ — + arc sin #]° jA — [y]/\ — y ^+ arc sin yt Q J? 

= — (ojfA + o-J'UY— ° —. — {oJfK+oJf-f f — ° — °) 

= -° J<\9 ] 

| j p-AiX-w* Ja>* A-J ilx* d--*vo l_>^» t I A A> . J5 31 l (Jl^ 

^Vju c^l jJ J—i 0 3a> ^1 AS" ^ A^U* <U* 3l C-«>- j-fc 

.C-^I ^lSTia>- 0:1 Aj.'iU* 


y-ys= 


x a ~x b 


z —z £ = 


Z A Z B 


Va-Vb 


iy-yn) 



X A &B ( \ 

x — x E — -— (z — Z B ) 

Z A Z B 

jli V1 j JjI Siaj Ij jl 

y= -r(x-\) 

Aj Akilo 3 T;.j 

Z= ^ ' 


:i_~i J> 

/ °JA ; pj? , f \ ,. ■ ,. 

y dx—Y I x dy — Y \ dz 

= —oM J 

Ak5/Ji ^Vj ^lob J^yfi jl lj a 5"d-u**' I ■«!•>!■ objfc ^l 

j 1 1 Iptl* 1 j**M*j\ eO<i ^ bt> 1^)1^*"^OP ( dO**J d~>b 1 ^ ^ ^ ^*^**-3 

^S"* l**> 4^**^ 1 

.3 dy — — fdx ^ jL^j ia>- A-S^o-t^i*# UrU 

l$j 1 J>cs\ ijJb- j (3^5 (il^J I^*lji 4 j‘T oabjl^5 IjJ dx— —~^~dy 




in i 






dL — r^dy a 9 


1 Q jli aT a dlj (<-j) 5 ((«ii I ) r-f jc* 

c£ j y^** 0 * nJjl c*3 Ls*j.s cS~jp>- ^(A^aLj cil» 


Jaiia ^Lj (Jl^5 v#1 4__$ "fSsjXj* *£\j* **—^1 ^jj A***)U»fca Ij Lgj I jl j*{g* 

.o—l J oil— o—l jJCa <iL 

l^L^J J& Jl colvsi^j ol5wo *— jl dL Jaj ijjji a5"-LzS^ a>- ji 

OiLi—I (Jjl A*S2$J2 o-U 1 O— 


dL = dxa x + d ya y + dza, (f 1 *) 

dL = dra r -\-rd(pa v + dza 1 (cgl-ul^l) 
dL = dra r + rddd 9 +r sin 8 d<pd' P (i£jJ') 


*<J& I ^ O—Jb J~~A oViU* Jl AJoj I Jjhj} (Jah>t-« c£lft jSZa r^i ^I>-li J2i IJJ 

^Jt&r J L lib Jl ^ J 33 " J>- lS\ ji J ^ J * Ol ^ 

j» *£>■ ^*3 lj Jji J* ol'-bv* jl J—3 ^2pxi 

ojb i j>-J tSl—Ij Ji ittS ol*^ ,3il ^Tp^loi J"eJjfclJL *j OjjT O—JLj 








E = E r d r -- 


Y7re r 


Aj j^-oj Q c^l* jIj ^IS\Ia Ij o*Xi ^UJljlS'lJ&l 

c-**-l o*t£ ob uLij I y-Y) J^»J^ 3jh uUa c^Ls^j jJaU jS" j*J 

{S3 Ij JI jl-Vl* 45^c—oI U>t4 Aj j5c*ufc ^-f .^ jjI ^ 

>> ^*j ^Snj^ Lp A,j tjl*«Lu* (■I-JjA^^j o^l j*j>y+A i j^3 ^*A**< Li 

& cri^j—? I Ja^-o oJLpI c-j j—>- c-4>*^ A^j 15 Aj j!3 l> ojl j*a jl j> 

• lj»T <—(*r**i^*Lf* ^ ^j5vj! 

^ a t^jlitltl cSIa/I jZm>\ o 1— J$ dL f J **jl jAO j^alP 

dL — r s d(p q cp 13J . *uaL ^3 ^ 3 dt ^^ w-jUo* I cSlo^ ta 

: Ij ^ Ji 3 a I(_£ J L* o*Ai ^ l>** I jl5** J 


-°f; 


YTO J\ 

O 1 


a,.*^ J<jp a 9 


= “0 


J(p a.'dy — 


(ytY J^) {*£*^^5—• j r x *—; 3* jc*~° b jL* 6^S"1 

3 dL=:dra T \j* 


/ t Xstaj* r\ f*T \ 

*=-«/„ 


Pl dr 

Y77£ r 


r= _lpi. ln i 

Y7TC r > 

O 1 

jaI^ oOi ^U^UITa^o^j In (/\/r^) 3 }> r s 31 r x oj>- 

A>-l c53^"I jIj i] JLaj^mjUU ^ 1 3 $ j* 

ju>- 3 I { ji^o S^lizwl Aj Jj Lj (^IgJ I j5cj’ I 4^1>uj J^*a oIaU^I 31 

-o-^l olv2l>«-« 31 j I 3 ^ j^*- ^ ISJa 0 -*^^ 3l 

a> j —3 o~*- j l oLiil c-j l^-1 !^LTI— g.J 1 ^3J\ ( yS Ij 3 VI# 

Q jLj *X3$* j9 .wLj I ( J^P A i dL t£l ji C-mwj L^j ^io<-b*3L* ) (3 j>Ca 

c—1 drd T <S3^ dL ^h .(^ Y-^ J^) ^ /*\ 4 ^ /\ 3* b 

j I Aj /* — /• J I *U* aLaj o I j*& Aj /* rr /*^ Cj ^ J f V Ij C^" 

CC3 oJUj C«jlpJ »Av2A4 


Js-» 


w 


r _Pl_ Jr = 

Q J r, Y*re o r ' 


' M Pl dr Qp L r r 

~— In — 

Y7TS /\ 


.0-^1 AlJ IJ Cm^ 1 ^aJ> O'- 4 ^ 1 ^ b V L JJ D*-ta I O-^Aj l_j I 0 b*A t 

a !zki A_j (y, °j o^ Jti' jl Ij oA^ C A l_ t 0^1^ C-S"^_>- i£\j _j a Ad ^l»Jl jir 

dl*V J>-ta 31 (o, y, °) 

V 

£ = + ?ya y + a s — 

^gl^1 *Ia <, Ja>- Aalfld I-AjJJI C»«Q 4j 

2=°,(^+0(y+') = r 

\jv, ur} 


J-yJU) j J-yJU)_ (JM^f K'¥ 

^ISdto l>- J^a Ip dL Ja^j7 aAd ^IsjJ I jlS*" aLj I jjl ^laj U I UI 

. ^.dFtJftj 1 j £ ^Ssj ^5\] i ol-L/sji ^JXo aIm/ 4j aLaT dL j) Q j Ij J>- 



dL jf J* J* J j? jl j3P 4 j IJ ^-SC j3\J I jlA** oAd A _5*" J& 0 A 4 -* Aj 

pA d jirjl Aj \j O'jlsiA I UO jf tJfi {yu L 4 J I J ^ n^\3 

aLSj A—j aLaj* dl jl C-JU jL db jili kzSj>- (£\j—i ^ 5 >*jl.:d ( b 5 j V^ # AauujJ^ 

• |*d$*" <—I O t j^nO 



F^ ts* fj^>^ J ji W b *^-5*^-4=r ab,>ly ^ A} . 

jLj j>- c5l y aljlS^c5jL*-aj B 3 A. ji li 1 jj^-cda 

J^sd Jj>A—J .W~-I (Jjl (J»aIsS/ 4-j (J»j 5-) B Alai; jl J—?-!j 

cc^3JJ_j ita^*>cPA _j I .O-^ 1 A*j2jj-4 aJaji/ ^4 J tJL« 4iac7 B ^ F^ 

iL^jUdj'l — i jz B Aka/ j*-w a r -ijd^i 




(£\—7 I i A diaAj y I 4j j Jjso^j j IJLf |j j |j o-j Ij A dlzAj J 

.J)jb 

^OUss^l cj415 ^ojtJj'l ^ j—i Jjj ta 

IXj Jjl jljl .i<C £ji \/ jLaXaM OJ C-~**l JjtJj*** jl t£l j* w^3 

lj C-** I c £J U*» B 3 A 4 ^' ^ 




=-/; 


.E-rfL V 


o; 


s JJt ^UrJ*l ^4 4 j 5 jl C^> jl-J szS j>- (j\j j[f *£ C~w1 o-^ ^ J^ Ji VAB 3 

.0*1 

j>- 0fc ^ ^ IJ 1$"* dS"* oJaIws t£jjj£ 31 

l i <sjL»a /* x <u /• 31 jb 

0Pi , *r 
m — 


w= 


\7TE 


jl c-~JjL^ .Vjta jl j) r^ J r s js J^-» t< 


W 

F 1V = —= 


Pi 


In — 


U Q Y7T£ o 1U »\ ^ 

B j A ^^>-1 jil^i (t^» I b 4 L Ij ^1 

4 j \S 3 J? O ^Uo'l L .pjUjL (^Uki* jl dl jl r B J r A ^bu* ^ 

: |H-jb g jf ja 

r r~ Q - 

E = E ' a '=1^7 a ' 

o 

J 

dL = dra r 

(jiL^ 

V AB — - f E'dL=-[ — g — dr= v ~(— - —) ! (?) 

J 8 J rB m o r x m c V^ r B / ^- 7 

> jLij* c^*l o-t« p ^ 5 Jw b <- r B *^> r a 

^Jiij * 4 ^^ 1J9^2^ C^jy I r A 4 —j 7*5 j I J^J JlilTl c£l^ 4 ^ 

1 y ** -^° 1 ^Sv*A L»J 6^0 IJ w\^j ^ Lu«^A U aS"* j | y3 > I b 

jl dJai'ji Jw* l Xj O'Ax^I 31 C-/Xv? l>* dj a —c^- 1 1 jX^Lo ^As-\ 




n & j*-> ^ i 


JJ&a OjI 3 tp-o jS* ^5*^-° Akb* jl 'di b tAk ai «lL 

iJ'Gz'zXa 4kb* dbj 4ka/ jl li AjZ' |>j 11 y *Sc^\ <jil -kjk 

I Aj 1^ I j—^ jl Uj 45* I J I kA*-« 

J. _ a I y>- Jy^ ta Sjb ji y y** Aj J> 3 3j I Aj ^k$ c— vjb^' 0 J+p 

H£Jj\$'4 i aJ*\ l-—«V db 4*i| l3! J>tJ I oUj!v3 c5jj U iC*~0 db /1 
VUj>-l Oj|j5b ^\JlS^(jUa7i ^-j 0*~0 J t((dt*jli cJj jo ^kwiNjlaS) 45" 

jL& I^L.* bO t Ji JJ 15"A $""yj | 4j ij—i wlCsl _oT>- ^ JU&l4 _S"(_£jj di jlSi b 

ojldf 1 l— v«V Jji t£jk -kli>* a_ t c***j VjIj^ jl ji LaJ^-wj bo ^ Uj aSOj c^*^> 

.dib C-J 3 jljA wXl^> L; tSjs J^U>* 4j Oj-J C—^ I vXj 15" j JO* y5*(jf Js 

L - ^jJ j>o (S l& jSaj\JJ 1 b U j I Ji I J*A Jup y±*A wb Li 

^jjl .o^l (j^°j o ^^>- ^g>tk^ a^>-Lj J^*«/bj j I jl jJ &aj ttXiLj <t^j^*-3)) lx# 

CpsA^^* (jtj Lj yua> ( J***jbj 4 j ^ b t5U>tAstf b c5 Jot Cj'J Jstfj Aj V ^>«JW IJ 

cSjj jl ^l^ljlii*! aS"^Ij L^ , ^\i« t-u5 jjj c5Uii aS^^L*^ ^2*j ji a>-^5 

(Jt^* ^ ^ c5-? J> ^ tc—*»l ^jb i* l^i I ji (j^kl ij' 1 y ’ y I 
L*^ JJ V JA*A I *Xa I ,0^1 C^l^l’^ ^S\*J ^ Jjl JSa jL**j Aki* 

4—j U ^kj ij ^4 Siklfl jl jl JJ aS’ ji iS^y* O-^jb Uj (^I^J c 5 jky 

Jb i3^—/ jlJ^ f j^Jy -Uj L« iXS' IwLj ij y> c-^t JJS C-* ; *J* 

y, I—i a*Ai> jlijb ^ji jf j .j I db jL« jl jI ji A-S^^J U^j I 

V^<jA* bj j1wU« oUU-a Ji .pjl dbj ( J J,: ’li jlJU* 

I <j\ j} c-j L ^>'^* i->bo‘ I 4 (^IojL*^ (S^PiJ _^Ujj 45 \> | J b>- co^l b 

,l^svA I L-4 jd*0 

c-j _j aLu/ •—>l>d/1 j ijb ij 1 4 j I juL^ I jjk; a 5*^If 

•Sy^^y* jl^^- Aj J^ki L-J c 51 a;I jLa\ £^k**> dJj jl o^j’ k« 

o>i^ 4i9jS*^k/ji Jb-j tj ^->*y» ol>^ Aj La j5"y» p-» JjI 5 dbji 

^kwo jl Lgj 1 i£\ j) d> b A-5"ijb }j*-J ^1j lw> Ji/k jLj ( j^l>- ^Lwi k;k AlJ I J 

OiLc^l ta jLiP 1 >Xa jl jX& O o^> A J? A^,i» dL l —j t^lA >Ju& J2 <£db 

.J^jldr Jj b-,4 yi 1 b c£jl5 k jj> k- Jk-ji iJj O jf 

c-Lib Y b B AkZ/ bo j Y a c5 j bw* ^4 a kb* Ixj ^51 


F^ = F,-F P 


. di b Akaj J} j& ^y*** b> jfi*0 1 a 5" ^k jJa Aj 






@ 

oib C(\ , 0 ? o) 3 B (— , O, o) 4 ^4(T, O 9 o) Jol* 
V B =r o V JV A = \& V 

(t-j) j (°j o ? o ) g jlJU« (cjJI) : Jj jj I o~o a_j jiJ oVt 0 Kc 

jl J— (iLj (^) J z 3j>^ cSJJ p L J l£>-j d->-l ^-1-3^" a* lS->4 

c-«>* !^*^{ 

ra V 3 rr->a V j ro V 1*1^ 


tSf4ku£> jb £k m J*J Lj otwUo f .f 

ji 1—^ cSl[(v') A_Jilx«J ^IaIsoIj J^3 (jiv^yji 

tpjiJJ I 0*0 Aj 0>Ua^>^o I J—ji ^Slj g i£\*iaa> jl; wilj Y — Y b 3 V — Y A 


v AB = 


Q 


fire 


\ 

r B 


(—)='<-■ 


o; 


AI5 t -b C^JJ aLaJJ Jil A-_£"pO Ji Oi j* [J0j? b>*j I Ji 

Ji t£ bi b» j**— j ^ wb j o—I c£j Iw Lg.; I cp j 0 ol^ziit/ajj^Laa 4 S 0 1 L o~* I 

j*-a 1 OI . pJLib o-^o Ji jL j oS"*^>- j—; ^ I I 

JJ— 1 j OJ lo wXv^aA* j 1 tlajii (£ \ j> (p J 0 CJ bal^&e jj i la.* I A $"" ^5”" 

5 / w-j liO*! aLa* 3$ jj-J (£ J-* J?~ A 3* <_5^ ^ I 3 Aj b wUS”"^-* j^siJ U ol^>- 

i?lL‘ oU^j’I l —j U tjij-vj ^1 3^ 4>*^" 4^*1 

c?'j? ^-a 3 r B 3 r A ^kuft a—j (v'-^ J^) 5 -? ^4 

.ib ojl^i oU:^ 

tJ 0.1^**) l (p.?^ 3 Y IaAaJ IJ b d L j?*** 

j^zL& 1_>■ A^s-a/ I Uj .o—l XU Jit t5l jlj -l«j I (1)1 j** 4_J"(j I 

ta ^ (jr»- yWa 


^= - r W r= - r-^-*=^-'-) 

J rB ' J rB 0 V ^ ^B ' 

6wX— aL— J jtJ JJ i o— .5 A—j ! J —>1_^r jtxA UMiy 

jl > l_7 Alai* jA <Lb? Is A; ia59 I Aiai* jU (ilj Ot*^— aLL* Ji jj-o 

a i a 1a5/ jl J^*lj jU (J15 zjI c^ljf aT o—I jl ^J^***/* j j^Sw 



y ^ i 


E~E r a T 



'Ij ^ Ol'*'~* 3$ A 3 B e> ] ^>c) i Aiaii 3$ o I .} (S jrir^^ Y * IP 

.0^1 (JjlX**.,a ocLi I w ,‘****-a jl J/ ^ Lli 1 . liJwa ji 

^jio t_J IrO’ I j&S aIsAj 

jjjjTeil** bj (^I^j jivs £->■jA ^.J I y a> ^5\>- 

a_i y “ fg aLS/ yTI 1^7 j:> I j V — o a-S** c—1 (jj 1 oO 

L i jj cS-?^ Jc«j Ij 4-U$" Jy 8 Vi^ 

Y 1= S- 

WEJa 

Ojl X* A tj^i^*' ^ O'J?<£^J* * Oj^ 3 



Ji £-9 \jQ <£\Akflj j 1_j j I J^a y *LL? U Aj {_£! Akj/ jA Ja-J’ ^ aJLzj IJ I 

Oj-$" yi^ l w\^j o I j.ip a_ i j c-o L|.j‘^ 5 __j Ip Uj J**j b 1^—> j ^^**7 U Ix.* 

I J& Jjj ——— A^yy j,5nj py I y ^y ^Sv J.J ^ eSl y jIj .i 

'f 7Te o r 

ulib'l ^IaIsSj jLj jt y aIs^U A—j ^lAizdj Aj Cy Abl7 jl \ C A ^ iy-i 

.:> j£ oib 

c*^l I tJy t— jLsO'I J^-mJ Uj <jb i£\ y v_^b ^y3j XL 

4 <w-*J y *y JIj . y yS^> Cj ^ I J -—- J aXt y u3 .>- y , l»- Aj A?" 

' r " * ’ ^ * A 







V = - — + C\ (f) 

.y = o t r ®! jl-AjU jo s. I jl 4 j 45b ^u-jUcj’I c?j( jl f j C^ 3 

Y — Y * IjI A_i A& Lr>- ^7^ t_dL>Hd I l_ i Jj.U 4_J 1J y,yP IJU* | 

* |t>*’** 1 b 4*.^! ^ 

(J^ jl 1^*1 Id aIsA)’ yd ^kiiuVli 4$*"iy 4:>-b 

. X^> IJ cSlAkaj jL utb Jwta (Y') J (y) C^bfcAbbw 

.CU~--o jb j) J C-*-^*l (^^*°^) C^bji JjLaJj y* LV** 

t£ 1J b iUj ^ Uj ^S y>*k^ j I y£- Aj IJ \li db j yS I 

(ii-i c5JJ jb <ib 0.3 b J?- (_£ \J> .^J5"y cJkyJ JUJ^U oL<i 

Ji gy& y ikJfijjftj yA? 41 j—i j o ^ bti’ I (SJ& Aj ^ Id pA ^Ja*j 

.ijljy J ^L«-j b» o7>b>-i yj jl (^IaIia/ 

jb ^ j A ^ ^ybo <S IaLjjj jb <ib Jwvwj’b <jl*A-d> J-3 ^ 

.-U I^IaIaSj* 

l—d jlJy (jjl aS** 0bid i£\<baAj jb tiij bj jlJL^ ^JiO Jy 

^ybb b I (jl^b* O'tXi aS^^J l>- Ji Oj-“I jb jl a!^? U 

Jflj I j) (^lAlaiij dij J£i <£$ jJ jl^ <S\ji A>t : y/ ij**A fj+P l ^_**<Ll« aJL^U 

• I ^4i**£? Is J L>■**• l**'< ^ bj (J ItaAjv* $ (aI.^» i A — 

i£Jj? ji I J? jb^ (j;>°j *-^d aI^U A_j ^ J j* CX A ‘^ JaJ *£) J? 

o^li -0***>l (j'"; ,a ^ t£J** ^j-bS^o^-b 4 Y aL^Ls ji (jl^A i£JJ yj/* 

Ji jL iXsl^» Jj ^9 c-^_y» b ^AlldV ^l^jl jl aS { jy A, oJLi 

c5_y* O ybj* aJ*^> Li Ji oba.* 1 jj ji j y* jLS'^jJla *dXi aJ^U 

.iy Ato I 


c^»b ^jVL^-j^ ^ ^ Ji Ij b ,o*j! AAs^jly ji \ o jb 

a— r y j j*? ji (ty) j ^ o ji ( tfc r J ) $ o-i I^j ^ ji jO^p U*a (ijail) aS" -A>jjl 

.^U'L; ^oV yly r= ^ Jt-d*b 
\ o o 9 ?o 9 \ ^oV 

^vSj ... jb 4£^4) &*1P 

ii-b b » L>sj I O^jb^- 4 AS"c£j&* jI*Aa« i«^>*y Aj aLai* (i-b bd 






\\ A j iSjJ I 


c ^I 4$0 I 4; 3 I ^Luj (jI 44 Jn*& l^L-* j! I j c*-i* .A >-]3 jIj 

1*4 ^3i ,3^ -? 5.3 1 *b 0*5"*^**w® 44 ' Lj 4>t^*j 35 3 

■ 5^*4 l5*Xji<* 3 ^-**f 

^Ju«*4 Lwi J iA**® L 1,3 ^ 4 Ll I J 5^^ (_£bol r t ^ J l^“ 

4lA 3S” J5 j*+>+a 4j I ,3 O I 01 *bj* ^wVp aS”* ^**5”" ,3 b l C? 14Llfl4 ^ Ij <il> <ilj 

3 0**^1 LlX« l 4 ^iar>- 33 ^* (l)!*-^ 8 4__5 ^|*j 5^3b-b-Alba \>i> I 3 ^ ^ob 0^*4 

4—rC-i J % 4>w,t* jl^J^a J>3d I j! J W**^l (jiL^ jT ij JA 33 '^f' J (Js^l (jr ^®* 45 

jl_4 (JlSZ/l (_£l 4S^d-~^ 1 [£ J**»A ji ^SUjmA 4 I 244 J& 35 jL Afrj+^t.A j£> ^Ju***4 ll4 jltaiia 

• A^Ip-I 4 I 1 A 4 * (j 1 4j L«^ 1 

i|frA4»L*^y* g^ I j) I 1_a 45"" t(^l4j OAl jL dl7 V^Ij ^***4 1^4 jlkbw« l_ ~J J* fji^i 

li jjjl ojb ^Sslwj d**^l Jai 3jj-« jT ^^JUj <*—S^^UJao jl g^ 4lstf?li 4j Izss 
C^l ^ 3 - 03 * iji I 05 / 0^4 jkl>- i£\ji R iJjj4 3 R^ L Ij 

l-*J jJ ^0 j co^' ^Ll>-I —p^- oLalp** ol5^1*o 4 —4 ^1 45”" 
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VF = -- — a r + --— a<p + -— d 2 

r dtp r dz 


dr 


dV \ dV ' dV , 

VF=_ sr“' + T^r°'» + ^ta9^‘ , » ( ^ /o 1 





9 -f 4 * A-f 


V = - 


f'TTE r 


^1 4—S* - |^C^* e»A—A Li* j / ol^aZic* J3 1 j olo I ( \ y ^ <l) 3 U* 

L_j j o 1 ^pUJj 4ii £ 4ji5 J* l^.i7 to-^l /“ L" J2A9 j/ aS*"L>j I 

to-ib ^1^ (\ r) SLlj ^^***aJ ^*a*<** ^| Q} l&vwtJ | 

Q - 


E = - VK = - 


r 


CjLj*®’ 

tj L«*j Ij ^~ o ^ c£.Aaj b ol Ai* —i j I f ) ^i ^ A* ^ 

lj £ cSlWlj^ .Jl/jb aLpIs j»a jl \ mm 831 »Aj 1 4-; j^b ob^* jj “^ ; «i 

.fa ('—’) J Cl (t-jJl) C-~*0 4j jl J JflU/ Ji pJ li \Zj lu£>s* o l5s^*0 Ji 





^ <r \ j-j u> j <sjj i 


— Vo Oflj, —fb°a x , —^oociy 


V 


m 




££ &~S* 

o**o 4 j |j ji j . 0^1 o-Li oib J/ rrr —Y )^(y -j- Y (z— \ )^ J^' 

a$ (°) -? dV / dN (^) j f*V p (’t’) J l-V“ ->■* 2s (J') 


'>r 


°/V’°Y(fl.-fl, + rfl I ) Jdr^ j me o J \9{-a. + a,-ra t ) 

Y-f 

c^> I JI c-9 jS" >A^ft I j>- j I ^3 (^Oj? i ^ji I Ji a_£" ^ks ji {£ 1^/1 Xf 

(-£ i Ji ^^_ i I ^ S\J J> < X >* | J A_y l>—J A.. J^ ** »A—J J l-vWuJ | 1 J |i 

^-OI Oj^Uj .*AJ> J ft 1^>- ^ujJ ji oJwO l J^29 jl Ji A-5^ C Jj I ^\j ^I$\j i 

<jb Uj t^i Aj I jl Ju^3 I Ji 4$"* 11J ( J~J‘ ly L-A*S*3 jJ C-*w».A | 

L^jb-*^ iS I^Lij jbji AP dj j t,^>-! 4j b ^SoylS^N ^A=k33^ <ib 

i>P dkd/ ji obi db^U 4 j C-*****j p*—to jl l^i 1 diypU A^Ti y^ijf c3^>Ua! 0-«^A*) IJ 

J^vS ;*AJSl_j tC^*»U j _k/ iJ y* O I J^w* ly J ^SyI i_£t_g.J* IwU) A_ S' 

oUj’ Ij t5 Ja?Ji ((JJI ^.f) 

Ojkj Aj A->* jj b i (p — ^ o° 3 0 J y i£3J> Cj LoI^a Ja*v y p j ji dial)' 

4j J p—ft jl d diya li 4 —j -5 0-l« t^ldiadj (J> l —Ajb 

.^‘jb jlji (o ? Oj — — ^) J (o ? o 9 — d) yrf > 

OJ,i c —«-j b b I Jj b A>- JLw . Jo’^ jj aJ Lw» ^*jJUft O 1 

Aj c 5 1 dJaA) J b J2 JI fciij ^ft l^j 1 b IJ jJS^ (^y _^w0 I O! 

,* ob>t/4 I j jr Jtw'ly ji-k* 1 *^; I A —r Jjti I jl;* L** I b ?jtJ jj 1 

3^ 0 !j (^Sy ;cJ ^ 

--- aJ-i ^i>- 

O-y b ^ O;^ I ji ; y JJ ! o-^^Aj IJ p I Jy l AS" ^ ^*5b p^^aj ! 

= c ^-ib ^ r o>- ojU; y) -^iLy ^jjTcdLaS^. jj y ji ^Ji^ 

Ji . O—- 1 iS ^>- ~ Sc3 ‘ J , &i LiL- E i F ikiJJ ■> i 4^ ^--T y Jjji-A j J 

v -_*=r -riJ» -» Jt-* 1 * :f> i; j? ;l -V *4 l >►’*' il»-jf- ^£ l 




ITT ^b’ ( 


P jl b —Q J Q b 3 pS'^ uUjj'I Ij j—T o^Lj U 

:o-ib | R\ J R\ J 4j 

Q [ \ _ ') Q Rx-R\ 

fire o \R\ R x ) f7re o R^ 

r r Ij b ^-? /?^==/? v oji aL* ill til 

(j*I Ji A>- —; ji—^ ij j* Ji b *i_^2 j (j —j I aiJ I .i {t y > j^‘ 

jl O-V-i JJi 1 a5\1j I Jb I p**l 0^0 Aj i—j| _a>- oj 

O (^JjI Jp j I Oilloj —* j&<*p C-^a *** 1 Aj y-^P ^Ja*w Lj 

l£ jbVJL ^~o I^j A_^A_>-jX* ^ ^ ( jjb> Aj A>-jj L—; 

U'V L?3l^ b R yK J R^ A&I I J^-A Aj p-jj/T C-O Aj R^ — R^ tf\j-i ^yS 

I R r — R s = d cos 9 ' 

l *Aa I Lw“ W uiA 


Qd cos 9 

fi re/ r 

l£j ^oUi&e* Ji t)Lil jS^4kj IJ jl 0iliu»l L 



E = -w = 



\ 

r 


dV _ _ \_ dV _ \ 

d9 ° e "b sin 9 d<p v 


ic-~Ab j^*a) y>- 

l Qd cos 9 Qd sin 9 _ \ 

^ \ Ytt e r r ° r fi te r r **<>) 

o o 

l 

Qd 

£ = “m7 r ^ Y cos0a r + sin0a*) 

j b*j o LLs b a_5** jj I ^Ja$ (jj L^j I Sxi ai*o I J& I j j L^j | 

b aJ lw» 1 jfi> C-—Aj 

i o I 3 1 J* V j}& I j ( w- ) ^jj 1 6taU*-j .t-US^^J»- 

.‘•US^ J )*i lj<5 t-Uil AZ-^b j>A J> I 

c£Jjl» b ^-i ^Jc^’b ol-V 1 jl OiJjT O-O Aj til^j 





\Tb Uj j t£jJ I 


— = Y cot 9 dd 
r 

1 i I j l JI ^ 

r — C s sin x 9 

4,j -k>j> jA <.I o o I i o o . y ^ ( J>^ ji ^5"** L^ j^L-^ ^ 

.j;l c x = \ , Wj,Y, TJ6 

jl o^liivoi i_j jllj ^ 5J^jiJL* Slwlj 
Ji cSjb_^ r - > Jjls jlS"^l (^1 .O-^jJ c£^_JoiL* OJ^Jj (JaO) JJuU6 

<2<i ^(J^) cr^.^ ; rf ^ *J + Q^ —Q ^4=r 

4q :t T*^V ui 1 A ! •(*“*" ir 2 '**'^ P ^ i 


P = Qd 


d *a r = cos 0 (*iJ^ ^ <J ! 


Ywe r 


ji j j"oj4 j jly 


''-fireR' ^ 

o 

jla*^ ji /> ikd/ aj (J*o) ^JaSja 3l 4—^o^l e£jb^ i? = oT-)i ^ 

•ij1>-k* l^aZ>oo o l5sX*aj j ^ ^ ^ ,o**<*»l A>- y* 

jIXj <il* il ja b-kj** IJ P (<J*1^) Jjtii? 

ji jlJJU 0*^1 ji jk jIjJL* l>- /? 45"^* l^J I jl Ojj ^*1 _*>■ 

t.—b>* ! -I? y*j 4 —J C ^j»s*A IS"" J ^1 ^ ^ ^ l^*A L.J ^yJ J 

^upL>- ^alS^A ^NA^eJu *-^ 3 ~ l>- .»Aj*L*> Co Ij Ji I 

P l.gj I uJ jjA^> [ —p*- dS' (j£J^1? A_j bXUS^ Oj C—«-vj 4j Q J O^-vj 4j 

_ _.._-■-,--Ui-L jLiiw 

/^ 4j Lj jl'-k'* ^ I l—J l>- <cS\i' U*- c^l^ylJiv« 4 j a>>jj cJci^p L \ 

v 4j jJ>Ji I OI OXi 4,S^^I [>- Ji Jj U jjj^a 

OlJ^ 4 .—} l—^J I I V*U$^» Jj-^ji 4l^|j £j~0 jl y 

jUsujj l-J {^ <4-S^O.*^l <£ ^ I J (Jj^j ^IaLi£j jL 4 j 1? jj j* 







iJ * i k>U*AjySlU yfp 


**d j^lU 4 j J jji i j$ jl jbji 4j>- tp-*.*i'b 4Iili 

. ^Jbhj jZ J&*0 jb b <S 1 Aka* J b <JX~ «ib OJ _a^ Aj J 

ijji ^ *yr3 *j ^L§j‘I ^ c^Ujb l5joLj j il-W jjbb> cTi ,J * 

aj jb r j\ {£jS jj-> c£L§j'I J> '^* mJ * a* a£" 

J I I^ 1 ™. t^l j —^ £yz*i J^ ij-l^ab* (_>l OJ ^ 4—J J dJ I ^J^o y> ^ki jLj 

• jl5\> Jb Ojliub* t$lf£jljT 

- ~"^v 

>,A^ - <y..j*j 

4»- tljl 4_; 4C~>"I oJ^> oili Qd — f oo7T£ jl 4_J” (iJ^) JJ *lL< 

Jlo(u)j,oo (oJl) 1; c^vjI <_£j lw> (/ c 2 3 _p^> l5j j r ji (^obk 

^ (v) 

1 o J YJ\p J ^ ■ [ 4‘'j=r 

vVJPJ 

• *-^{J.? I 0**0 4/ y_J oV 1^- Ji ((Jv-^) CS*^ (»£^ ^3 E T E q 

9~^o° (o) J0=^o° ( v )j0 = ro° (u) J=o°(ji) 

oo J ojAf ^ J oJYA^ -3 o :1 $j Ij>- 

fS^ A*1P 

^>0^ ioJ-1 L-3 jtjZA (SJji I b cO b ^b>J I jlS^Oj j.^oA) |j Jl^-o llj ^j^a J U*j \j 
b p*®>1 y^~ ^ \ Ji J ^->i J?j-> J&\ jl4^« Ji (_£ I Ak^c/ jb 

' 1J ( —(^d I C.5JjJ 1 0 b 

(J^Sbi (_^l-diiy jl_ ) jIJa^ 4j JJi a1z£j j! jl_ i ttlj JLiJl 

0*^1 jb A-S^c^gP^jb^ J^lp td-l^ ia*o^7 J (JJ^I J^ jili ^1^*1 

jb Ji cif^ki* Aj Ij jb ^jU- ^1 aS" ^ Oj^> 

c5j^ j* 1 ^jiA^a l5j y I Oj^r •ijti^ a5s.j b>«.j I ji tjol J ^ (J^^* c^^b 

J*lp ^5*1 4 p^ cc*** 1 ! I'j (^J^j*I ( j^apxw> aLi^/ I Aj jb I C^l ji 

ij>> J ti j-?i CJJ b jb jl b jb ijl^ laj Ij U J | jb ^gP-J l>- 

.i^4; -Ia| jl^^l^o’ I Aj Ji Is J wUS*"^ c5jy I 

c |frAlS^" I*Aj I JJ b 4P^a^>t^ db Ji i_^>-(J^b 1 llj cS j^j I a5\-j I (^1 ^ I Lj 

i J>. Ji jb ^1 jilijl J$ Ji ^gp-J b^ ^gklp Ja^ aS^ IJ c5jI 5" jl^Xia C--U-J b ^g4 

.fi*iJjl 0-^0 Aj 0*^1 oJl-i 1 fb>tj] 


\fY <£j)\ 


jb ^ J b>- cSLia db bo I jl ij jUjlS" 

Idu ol aIw/ jA Aj oj l§>^ aLlo jl jb (JUx/1 .^dS - * 

Ji Qy jL_j JIAo 1 .^jlJ i 2y>-$ Ld* lo29 j$ 0^a>- jo-J ^b>J 1 

ba- c^jL^ AS"*ijli J lS"*(_£ J I d&« jili ^UxjIAj jb jld*.«jl c^IaLa/ 

j**&£ Lj t ^ Lj 1J J**J bj (ji I j5" I ,C-*“ I AjaS/ 0 1 Ji <2 \ J^* b^ J-5 Qy J b 

^x*\ oi^ -j 4w ^cS'* U J- 4 ^ fJ3 (j-*i^"l J jb Jil aT 

cojj^? Ji o jj d>l^>- <2^ jb jl jJ^b*- jb l;> Lj 

Q Y o^bjIjS ja o*u fUJl jlT =g x F x , N 

3^ ^Ul jb jibjl iS>jt f jV jlS"jld^ Aj 

:b d&l J>- (^jl***4 .5J.P-^0 (^Ifcjb olwL* J3 


>J* -» Qr =QrV r ,s+QrVr^ 

Jy J> Q f J Ajt fJV = Q f V f , s +Q,V,„ + Q,V„ r 

:d> 1 ^ Aj * i I £1 ! ^LJ j I J.S J IS" . j >-1 I *5 jt ^»A> Aj j 

Ujb d^bjl J (S^j> fjV J5"jiy = Jr-’ l:j , t^-5y' ~Wg 
= ^v ) N+2r^N+2r^r^+e^,N + e^^ + 2^,r+ * " 


pdl y Vb AJiLv« (^IaaL.>- J^-£» A> Ap-JJ 


Qr V r’\-Qr *„ e R sr ~ Qs m o « n 

^U> l5^>- a—; ^1 jlIj o I cSL.9- Aj jly^ &d&bL» 

4j*-a^ jl^5 lj l^j I i J^'(SJj i I iS Iaa1^.>- 

w E =Q s v Sl ,+Q s v s<r +Q,v„ r +Q s v s , f +Qy^ (rj 

+ Q r V r , f +... 

jjT Aj iSy o^bx aLj U lyr^ ( y ) ->(\)^ t* 0 *^ b 


r^ £ = G x (F„ r +^ ir +^,,+ ..•) 

+ ex(^.N + ^.r + ^.r+“*) 
+ g r (F m + J/ r>r +K r> ,+ ..-) 


_|- 


oil^ ^b^jl _j jloJLa C—j_ L*^ I<AXj I Lai . ) 

«-Vs»-lj j b db Lr C^l jbfj! OJLo A>- .^Jj ! Aj Ol IJ (_£l Alaiii jb b 

•iJjl ^>>-3 Aj jb ^ 3i Dili j\y p* iSJj jl U 




U- ^ j—" I _y T jr* (Js-- I - Ja-j Uj l£ j I tiJj j& o I 4$^ 

o I ^ Cf- ^ 4—S'*o—■** I b .j j I If / b ^ bti*^! 4; Ia j Ij p L»j j I 

ojL p <vj .jl; 

^.x + ^.r + ^.f+“*=^ 

• 2x? 2r * * * c^'^' 2^ j^j J 3 ^ J=“* ; k <jr* J - 

^= kQ\V, + Q,v, + Q r v r + •••) = v’se^ <£T 

1 I ^ 

{£ 3 \ >■ (J -jls<a3 Ji o33> C5j _y I <£^ j> c^Ulaj I j O^J^' C^**0 4j <S^ ji 

p-^LS^ j I y Ij p civ jl*^ 3 j A c£b- *! o-Ui £_> j^7 ***0:4 J ^ iSj^i 

o ^J.. .-L7 J ] j5cJ I Aj >• aLjIj 4>t^l/ ji j 

@ 

jl c£b— (S3 y I p^j^cs* (^) (V*) 4j 

Lj (£ b J l; iS 1 ji • p*^ I *A*j 1J ^A:>t>- -3 ^ 3 ^ ^ c51 a5; ^ b j L 

jl 4— S' p-A}^ ^~>-y *)l j-*** -2jj I o~o 4_j ht\jj l*- ! 4 j j I jxj yj 

C-***< I 4 ^ (£ j L_j tJftJLit.j ^ I j.f! ^JS' \S 1 j* 4b I J »iL 0! jlP 4 j ^ ^ 4iiaj IJ 

<_Jlka |j*| t4>t*lf /jj I J^~\ 4—f^5 "jA 4_ ) p|Jl_si jl o,}U^I ^J\£LA 

(^) JiU^> e£l4iaj Ij j p^*^- 4 <£Jz** ^ U lSjI^.? t/T jl (J 

r .jjT^ *■{ D 3 E ^^ 

4*3ilx* jl o^U:*-l L jlpT jT o-it>i^ 

<^libj 1 viL p (^U- 4j y . ^ jib jby j JU Jjl 

ro«ib p^l jp" tc-****I c ?^E jt ^ 3 (^5 ISCvI^ ^1 ojl 33 1-^*5* ^ ^ j& 

V*(VD) = j/(V-5) + 5*(VF) © 

Ji 4 j 3 I p? li o bslix^ 0 l5\X**o 33 jl? j I ^ L^ I 4j j I O Lj I aS' 

ti^A^b p*fi>!^:>- 

^ = 7/ pVdv= S -\ (y>D)V dv 
= 7 / [V-(F5)-^.(VK)]^ 

T J ^>- 






4 —I J*~\ djjU/i (Jjl (J I J&\ ^S$ {J*** 4*dl9 3jiS& b 

jjj I ^JU tJU> ^ 4_kl>*l Ij 4*J lk^ ^y>- ^^ ^*C*mj J1 ^5o*l 

t5J_^k 4 j Xib \j*ok J^Li* ^aII? a\sj I j Ijcj I aS" ^>i>- 

I y ^S' -ji ^ 4_ j ,J.*iLj 4l£lJj ij}^>-J t£J L f' = *' i:> " ^ ^jk>~ ji 4^*" 

6 pd-^' ^L.5- 4 j ^^uifcSl jk Ij f>>t>- JjJ ^ 1 j>^ 


w i 


: = yj> ( VD )' dS ~^J^ D'(W)d\ 


4—(jd^ c£jj f^^LS' 0 I j’^ c£jk^ J1 j5\X I 

i4 _j \ jy j-^ 4 —j ^>5*"c^o J/ 4kl>J Ij ^ALdV |t-i l* 

0^*0 j? D 3 (^J(3 a jk/ 4 j ^Uklj j'o db Oj^ 4 j 4kjL' o I jl UjL 4£ 

O J ^k*» JL«j ^ 4„5" U- J j i dbijs 4 j \ CP^ 4j ^ 

JS .ii^(jSjljjl 4 j 4*5 c^.S db ^_k**j j! 4 j 4^3 J 

wi—>■ Ji J dlojj 4_J \ j y C*P ^ dj ^To~o JI J>3J I Jij 4k; ! J 4>td’ 

tji^^I;l Ji j—S" I tJl>- .Jd j&*& Ji j_£v (Jl 1 i jsi j (Ji^Sol j^j 4kj IJ 
OJJI jp- (J^*^4j Ij JaJ iJj/> t^JO J1 E " — \"j/ edj LJSl 


'I 

/ D*Edv—~i e E^ dv 

T. 

J ^c=- Y •/ 


fe} ; 


j^S I (jl^ 4 o^> « 4 :* 4 ^ 4 i£\j~l (?■) 4a^ U jl 

jl .|**i^^* (JJ^ 4 —} (^I^j.I <^-vj| O-J^* ^ ^ji ^jl 

ft Jl* J; 5 J-® 

^ «P S . 

E — - a r 

e r 


^ r^ r b r'* a'p? nLa'p ?, b 

We= vJ JJ £ o jyrdvdrdz = — r -l*- 

Ob\lsi| ^vI^Aj ij^b g = YTT’a LP S C5JJ i^^jli f Ui el?^A 

Ij iS^ JS Cr3 Jr^’^i 

r °ps , op.. b 

V al — — / -rf/* =-In— 

6 J 6 V £ o « 






ic—^b i^ A ^ bit (J^ - ^ jj;,! tpj’lx 

W E = yQV ah 

.c~^l jjb XL 33 oX£ <£3y I t£l y bi 1 t£lAblj aS^ 

dXi 6 y>- i { t ^*L I jlX* {£ btS" J2 (_£ Jy. i I ^j; I A^o ! a J L 33 J 

J^’b (£jy \ (£\j — > jI yJ olS^A j c-^l oXU oib v-*l j>- 3 0*-ol 

XL$" ^ y »._l^j i£3 y I i I X* 3 t *X**5^ ^a <xij ! j {£•* I X* o b Aj f j I ^ y ^s 2 t ys 

yy3 3 ilX* jb Jaj jlX* j,} L c-*^>l oJL^ o^*>o ilX> e£^J^SvL J2 c£jyi LT 

0.-^1 I_&jb i J>- 33 jjb Xb ji iJJj <Sj y 1 b I ?(^5\0 j y>J* J^* -35 b 

3y>~ 4— ijQ* C^>t.^ y ^ ^^£^5^ kJ**^ ^ 3 t^b b t j!X« J2 L 

jl35"lj ^J*~b A» Aj £.>-lj iSjf 33,ji\ J* J 3jj\~t 

jlX* XL l5Jj—* I ^^Sbb A —i O^— ~<^$ A j^SCj I Aj j]ai ^L? jl 

a$oI j 0^5"^y oXi o^3 jlx* *j>- ji Ij flXi ^3y <^jb L ^$by*£Jl 

ipj^-Sy JaS JJ \Z~A I J (J*b J b*J (^IaIsj I j aT IJ aL; IJ jS*I 

W E = ^-f D-Edv 

' ./ ***>• 


* I £ ' 3 ~j ^ 1 3 o I 3 


dW E = y D -Edv 



J 33 <S3 j —j I LS>- 3> I j i^ljb a 5" pj jj! ^ Aj Ij \ j Y £) * £ c-s**5" 

J,—*lJ) ^Uj c^I^—; c53yl J l5b>- ^jI jl jTI a$" ji* y 

pj j!Xb ^3 -3y X&l j>- J js ^ja ^i£3y\ 1^3^ A>«X* i^jJl^5wl ol'X* 

<sj{~+* dv ^>- i y^ j j—* <^3y i Ar^*jSb ^_k* j^t *i 

o-jj I b u-ilz-a c51^ -o***'I \ J Y D * E dv 

. 3 \j9 62 lib*J IJj* 0.^1 oXl;* C-J L* jl vb^'^Ap^- aS"* ^.19 J 


l_J I^jT 






&„s» 

\ j o ^ \ 3 o ^ y ^ \ Jo^ a? ^ ^ j* ts3yl 

V = 2 ^ T" y (*—>) ^V — X ~\ - y (<J I) 1 ^i»*o ji m j J : w & 



fcA)^«£»^e 4T 

1-Attwood, S.S.; , «Electric and Magnetic Fields,» 3d 
ed., John WileY & Sons, Inc., New York, 1949. 

tjlJU* aIap- 31 oLj cjal-*** L£Lfl>£io-Ci ^LaOa/ 

*0^1 o>X3J o^lilw^l jJ 1/1 jt t— .^Ssdj^ 

oUi^? j> (^ <u*-iy y J^a9 Sxi^/ £>-1 ja a_j) Skilling, H.H. -v 

. c —*^1 o^-i uu^y oioi y \ i? \ ^ 

ja \ So-i Thomas, G.B. -t 

. 0 -^! A; I jl jloi 3 (J'&r & 0 A~& \ Y 

JjL-o 

(£Jj~j jl^*' 0 j} o-*»l 4 j j5\>- 4$"” J*io 

F = {y K -y) a x + xa y 

31 t£j yl 4 —i ^*w« 31 C^l^hd/ 4& 1 ^ |V— ^5\z-Y ^>- ^ \ ^ \ j o) Aki* Aj |-A*># jl 

• jt (£jji\ iA^I *J J p**A*Aj 

j_^>3 0 j—Y^>■ ij^ j-* \ *^~ A V c5-?^ o!J^ c£l( lJJI) -Y 

^ 0 ^ JUpI ^rv^ km oT £k* ^jux \o n kg 

c5l ljr j *>• (v) •‘ A i->-*~ c ~*° Cx* ’ J s ^d- ->a |J <^3 \ 

• a >*c#* ^,r° (AL= ^ m) \ m »jt* A; i <•» « 5 »j?) fj—*■ ji/" 

olx* jj ^ o -?- C ojIj o-^ j>- <j\ ji .Y 1 

£= \ o<3 r + Y<3 9 + fa<p 

jl_5"^1 Jli* 4^ j—ij J*t>" ^—' (Y°jY<5 ,Y° ) *^Zj 31 lSJ-*i t£l4l^li 531•J j " 1 

J (Yo, YojT, f°°) (v) ■> (Yoj>, Y 0 0 , Yo") (oJl) Yjy.^ fl_>»-| 

(Yo, Yo°, f ojy°) (v) 

o j °)^ (o j o j o) j?** (£^{£3 j\ ^3ol-V* J* -f 





•^CS* <Jj*» ( ^ \ , o ) <U 

(\, V, °) A ; (°, °, °) jl fiC-i'; osb cSj=- iS\j> a»1 ^1»jIjIS'( ijJ l) 

ji 2 — ° J y — a? j~~» alX«l ji 

E= ~lxy aj(\+x r ) x -aj(\ +a?' f ) 

.xs ji Jx> z— °, y — x j?~* (Jljt b jls'j,„»A (<_>) .our^ju lj 
aj o 9 o^jl x il ^ f C ^ Oili oS" j>- j3 oJJj ^ t>Jl jLT 

l—? Ij 3/ Jj —(£JJ E x (x) ^ l —> c^l <^+*\Za o y o) 

J^l 0*0 A; O**! £^y) “ \ O A^Jj^ U^j 9 

ji ( \ ? \ , °) ^ ('f, Y, o) Aki'jl jl £ C J^' 1 tflj-? t£j y I. -Y 

y*> 4 jiJ c£k> ilJ^tji I j £ = Yy 5^+ Y# a y u1*k* J^li Ji 2 == ° 
ij (v) J y^ ~ 00 LS +&* (^) J = # + Y Ja>- (l-aI1) :JjTa*^U4 

a:(Y-ry) = f 

jlS".o**l- (5U;ly^| ji £ = (\ oo/r) <z y + Yo ^ uf-L» -A 

Aki* a_j I j (V = Y ? <p—°y z — °) jI <9 jk oib c5l y a;$ L I 

jjl 0*0 Aj ji j j^(y, ^ o ° ? \) 

1-" 77 /Y ? 2 = o ? r = Y(^) J 2 = Y<p/77, (o ^ (p*<Y77), 7 = Y (*J*!l) 

2“o 17 \ > (p=:77’/Y,7=Y (p=r o 

OI•J—*>■ Ji Uw.^ L-7 oj 4y jl U \ o C jl~' >* t£l -r -j fjVjlT.^ 

.jjjjT oo aj E r ~&o r/(r r 4- \) x V/m 

yjlj—5 o A^xiJv? Ji ilji (^Ltas ji j—>J v^aT y Aj jL Aa^ o 

j^;b . y=: y j y— — yji— y o nC/m j y= o ji nC/m 

(°,Y,°) (v)-^ (^/^> 0 ?°) J (^?°j 0 ) (^ 0 °^ laj ’ 1 ^ ji^ ^ ; uri 

? (°»°) ■> 

:JiJjTc^^i Aj oVU- <yj ' J B J yl t F = ^57 r ^z + B u^.j-* - \ \ 

(Y\,^)j^F=° (v) (Yj — J^ F = ^°o J l*V Ji F= © ((JJi) 
• (Y ? \, 6) Ji|E|=Yo J lwUjiF=o (<y) 3 !-^* Ji \ o o j 

(°, \ °) Aki’ji — fo nC °, °) AkSoi y o nC t^lAki* t$UjL _ \ y 

o—iAj ji m j oVk- c5l ji ^J (o j 0 ^ ^Y) aIm/ J***Jbj ji y iljl t^Uasji 

.F(o,o,o)= \ o (^)j F(°,°,o)=o (v) F(oo) = O (*-^^) :taA iJJJ 

(j j/ aj«vIY ^) 1 * 2 *’li^ 61J jz*** c?JJ jIj a«J>- tiL o^-k 4 - \ V' 

V — a ^ p s = p So ^>- aj { J&* tS !aj c5!AjV J^j (o ? o ? aLaj ji 

.Jj jjT o*rfi Aj il jT tSLai ji o^ 2 ^ /l ? 



Iff 


^-USk* '^e^k- jl_j jl J-J— >• c) 4 “ ^ ^—J' ^ Ji Jl^Sc/l - ^ f 

s z= o J — ^ < y < \ j — ^ < X < \ j p s — \ o/(x^ + + z^) 

.jl~j y> jl 5" ^ i131 c^bas jj Ij kLi; SJL jj p — o 

1 j—A'j:> ( o ^ °* ^) *-> jb J ^~- kT-^ 3* 3' JJ>- J^'b (bftl I) 6 

J 2’ = O Ji C-J j'&i Aak- J Ojju^> A_J 4.—S" A nC ->4 ; (J»i t : Aj Jj I c*—J 4; 
(-)- ^ o J o) kill* Ji 4S” Y TlC j A L£ fa kk -k Y (o) .o—l /•— \ 

.Ol’Udj? jljl (o ? -J-^j o)j» 

lSjLj Jul—^-‘ o ^ qp ^ Y77 5 z = ° j o io>U*>^ L_j ^J - \ 9 

r^ ^ 

.AijjT o~o*j i!3Tc£ba3j.> bF(°, °, z) -o—I P s = p o -^y JbJ^ <jr^k** 
JI -Uj J Lp J Jj lo^A-i oib AkS/ 4— ji ^olL* „\ Y 

J V(r, \\, -9)=99J\ JF(r, Y°, -9)-9 AJY 
F(r, Y ^, -9)=9AJY cJj 

O-vJ 2 J fl? F (o) .-Uj-J (Y', Yo, “ f) 4k" Ij £ y ((Jl) 

■*VJ? (v', y°, — r) 4kL’ Ji Ij p 

J~~/b 3 1 j A (ilj* (Y, — Y, Y) *kS; J* b p j D J E j V -\A 

V — & sin qp e~ r+ * (v) ^ V ~ ?&y + z+ Y (ba-)l) wJ ^->3 

Y 

* F = — sin 6 sin qp (v) J 

(Y, — 9 , ^ ) 4kS ; Z = ^ 4^jL^ J b pA J ^ ^ ^ 

aj Uji J/ Jol -o--l yl = Y ay j\*j> ^ 

.-^ jjT o- ^ 4j l j E ^oo V/mj£ z = o j o k^j- 

= xy + C 4J*^j 4 -j I j J*-J b pA Qjk^ 3i — o k^j. _y ° 

.JjjjT aj Ij£ , j j B 2 .= YoJ (Y,^, °) 4k* ^ J > 1 
|Jy Aj Jb>-|^ OjTfcik J^b Ji jb jl«Ak 4>- J/ = J~*j‘ b jl-V -Y ^ 

ojb jly 

y^zj L~t r— A J /* — £ 4_j jbjL c5lo^Ja-- ji ^-w/b -YY 

r — a J* Ip D (o) .Jj jjl o—i a—) Ij E (*J 1 ) .o—l y — 9000/r V/m 
ls^>- (o>) ?ijb jl ^^k-b ^k— l£JJ jL jlJki 4>- (^) .X^^XJ JUS) I— 

I o jl Jj I 4?- jXXJ b — A ^>tk— J Ij 


jyS2\ \ ff 


z <£33 R ^ 3 R s 1 33 A-’f (jt yJ (*-Jl) js ^1 -YF 

.^iJjT CUvO 4; d—°J\ C$1 jl Aj U r j\*&* 3* 

j £jh-* oV^bw ; gj — foo*rre o 3* £k £ly jf I (tJjl) -Y ¥ 

C-~0 4—j J^Jj jS*^* (jp “ o Ar^tAv^ ji $ — ^ o J f — Y Aiaw jl 4S~ (_£j Li> JU jja>- 

.A/Jjl 4 j] .JOj*P ^J5>^ Akflj' jT JJ ^1 4S"j-vAi jlij (^) .wkjjT 

j 5 w> rj(dr/d 9 ) joU« <kS jjI^j l£ ^ISca ^JaS oLa:^ ji 3* 4$"* 

£.JjJrb LJ&+* 

o-'i p— ba z nC*m j-Jj-f e£jjl:~?t£ljb ^£^>3 ^il t5? y ja Wtl, _y £ 
j5 (<-*) .J—jjjT c~*o 4 j Q=z¥&° 3 r = Ycm ->■> b £ c^>- 3 ojia;! (<JJI) 
^ <j-zP (d^ “h dy) f /y ^ 3 ' Jl ^U^°lj.> E aS"I j t5 k>- <pr= o 

-b — \ / YQ jl^5 4 ~j ^I-ajLj ^ jj**« c$JJ -Y ? 

jj> 4k* j:> \jV 3 (o 9 o 9 —d) 3* — \ / X Q 3 (° 1 o i °) J * Q 3 (°, °)d) 

>3jJ3\ vi-*0 4i P(r 9 0 9 <p) 

iU' j~3 4_> x Jj^ <S*J Y, F, ¥ nC £ld&> <^L-ajI«; (<Jdl) -YY 
?w-J o-li o^-;>b Jf>V <jd ^ cO^’i -> ia ** *T • a;,<c *\ , Y, F, F 
.wUTj*- Y, V nC £^1 aS^J j*=>j:> Ij JL* 

ji aS" /, J j\* 4j ^ ujU- j3 o-ii o^>-3 c^3y 1 aLj Ij jl _y a 
j^JU (£\j-t W E = \ / Y 5^4 jl t*A^I 4^ Jl^23 ! 

^ * 6 4^—*i I lT^ 4j 4^>-|^ l—} Ij o-A*l 4j .«A^5^djUz^I ilwi C-***^- 

.i-L^S*" U j l 

JX 4j A—r^LflJl Ji ^ jtJj ij J—{ <£j& t-Js Ji ~Y \ 

L Jb^T 1 jb^ t( 1^3 U27 Ij L^oLa ) CU-^I Jv^j jU^ 

-vz—»«i lv2jI jUSj Ja^U- jij *aj iZ jb^ 

Il^US"" ^ Aj Ajcs-I jA li 


R. McFee and G.M. Baule, «Research in Electrocardio¬ 
graphy and Magnetocardiography», Proc. IEEE, Vol. 60, 
no. 3, March 1972, PP. 290-317. 

<£\j~> U III 3 II 3 I jl—a? 1 (5l—Ajb^_; jl J-^l—>- l—^'l jLjJj 4^ 

l = a x (mV/m) j H= X°(d x ~a v ) cm 


,jj jjT 



\ f & J*-> i £jj ' 


i i LS" ^ ^ y • \ L-i aJ ^ o 

R. D. Stuart, “Electromagnetic Field Theory.” Addison 
WesleY Publishing Company, Inc., Reading, Mass., 
1965 





* J JS J l$iy Ic j 


i j 3 -* U JJ J 3^3 j iy> JL *;^\ sj\j* p_ijb -U^S J*& ^yl J3 

oIj^>- j*> jl Sm .p — Jff ^*>3j> J 3 I li (j^-^4^ *^d Ls^i 

jl J 4*J Ua* 3J ja IJ IgoU 4JiU« o$J3 I C—O 4j ^ oby* ^ L5c>- j 

6-i* * pries' 4 j^ 0^3 tj? J& jl Ij p— Ai oy J J p-jW^ 

. p*!?" *— 3 ^ > ' 0**jl&* cO JJLft J$\J> Jjy I j C-*aJ IL» ^joIjU pJl 

• J^5^ p~fc 1 jp~ ^j2.->%t*A 3J C-*i Lc-J 0,*«j L ^A Igolfe (jjlfej jA Ji IJ ^0*1 ^y* 
Ij (^JJ L-P il_J/° ^.5* ^ L^JA^XA _ pJ <^L J*~£U>^A 4*J Ha* JI JUj 

jl 4— 5" 1 j Sb y5\J I j-J> L u*j- 3 p^o^ j' J (jy>J ij_v« 

J> l—£ J cSilft 3' ji^> Lj . psftl C-iw^y O*^ I ^-A>-U^a p^<« (Jjbb Ja\jI 

^y x>- o~»y y^y <yy .pi jj i ij4; oji>- ly i y-ii-o p* jiyi? yiy^ 
jj l)^*^9j^ o j..« i Ixj jf\ ji C-*^ b co^-Iwj p>aIj>- <y ^yjU^ 


1 

Si j 3 3* j A y l Aj ly jl^" 3 jU« A?f ^Jp\lxAjj^\ i {J^jm^I 

. p-lS "^ J jZ' ja ^ J*J 4j I j j£ U) | 4aJ llw j c^l Jwa* ^y. I 1-? 3 * 

J J ?" ^ “fi 

(A) ^yi jl—ij?* jj l ^^>-j 4j oi-iyr LS ^iy^Jl <Jl—^ 

*«>• jA 4JaAi* (it jl 4J Ij wiL ji aTI J Ij y y^<ib cJj _y <-***?- ji <y ! 



IfY 


_fcjb j>- ij b y>- ^xJJt jjjl 4 j .-US" j* A>%a^> *ib j I b) 

oljfi JA OjIJLA iJjA y>- iS^3y. i—^fSJjb *i J> C—I o-Li ej; yl 

4 J *J1 J>- aL~*j Aj 

Lj C-**^ I _ <r la/ Ajj-« Alai* <*jb Aj Ja^.* £j 15J J*^i Vj^x« tl^jlX* b^lajJA 

4S^tvj\ij&. ^ 4 *-* a^$ jf ^*jt>\j>* oJ-alw* 3 ^Sjy. 4«>-L* wib Ai Spjtj* ^Isj 

• d-^1 ,j^Ll« o 3**^* Ala^_5 ejIxUl (A/m X ) y 3 j^- 4 jj*l *_-**>■ j t 

.A 3 ^^ J aL ^3 4j j Ow^l ^c£jIa^j jb j> I5l>- 

^jjS jb J>- ^ L5n>- j—{ AkS ^b jl 4_S^ L 

b o^J 

te=j n &s 

CtaLilJ A_^>£ jbj>* l5s>- 4$""U- ja 

A/ = J*AS 

: -X; I ^ * o«-o 4 j JI j&J I b jr j b ^>* 


• 0 > 


aIwj* fcll —l JA J l —i lS\>- yZs&j** 4_j (J I y> ^0 lj jb jP- isbv 

^-1* jj (^ .&) j£i jj b Ag= p dv= p AS AL ->L-^ - 3 j 

AS”O-oI A3jS jlJ t£j_j!a jtjj«dl£ AS ^.iS" ^~0y cJ j$~> c£l^> •(*•' jf ^ 

ji .JJo L_j x a&j* <£\jb ials j I oaP^ j oU^< tSt- A J j>^ <jj\y* o I cS^aJ 
Ja>- Ji>v« 4 j AiP Sivi?li o3ta;l aj (A S c^>-lw» At ^ i£jb- ^ a * j A t ^ b*j 1L?U 

tc5 aJ jl ^ t Aj S ^ a “ w ^ 4 ^"c5jb .C-A^»l oi^*ol^ (J^* 

jl—*>r (jil ^—3 p Ar(A^r/AL) = p A5 A# L; ^—1 c5jL^ o-^I A^iof 



:b c- 


[ A/ = pA5 


A# 


{S3 b*>° u Utfl>- 


Ar 


4T .5 ^5" ^/bu J2> \j(S\^ Lwa ol ^ b«j I Aj a5Ca>_I t£l w j J tC^S j \i ^ j)U ^>- . ) 

aLiaj y*J2> ojl a(® j5 ~tib ojj La) ^iaiaU ^ (^aU 1 jb J2> 1 (J5"(jb^r? - j) 1 JA 
A z3>j OU^r>- U iJjU oAbjlL5^9 (#*-*< jb (jb^,>* OjIa A^>- (J^b?- y-Zpr 
c5^l>* 4 j 1J a 5"(^-JfcA^a V^x>J(-a J A^f (-b^ju cfb j)l yl& Aj y 

,^*C><Aj U (jl) ^>- Aj <jb^>- 





JjsCH 



Af tjL-»J j> A# \i cS^ _p-l> 4 ?f A{? — p A*S AZ, J^ >*j tik 1 •& 

.cuS^^ iUol J" = pU o>- Ji i j Si) y* 


i^ijSj J*> •>* oUj Ai c^-J I j tiy aU Ij *A»- <y L>- 3 

A/^pASt/, 

:jl ijJ i-lA 1 j>* C-OLf 1 ot J*" l5s>- .0^1 £/ C-n£j-w # 4jj!JU £/ j 1 Ji aS” 

(Jf ^ -? 

@ 

^nj ^zSO I o^^>- LajIj kz^S~ j>- aS' j Ul/ ^ j*J>j aj I ap*^j jjj I 

o\y*- ,J P^ J o^y*> *-? ol—*j>- ^y ojjT^ ij^j a* Ij 

lj (^la>- Jjl? aj J tii/1 j I —iyr J Lsy 4 ^Oo oly^>1/^ ^\s&\ 

ji jA jia j& ji l^L^y i o\yy .ijb o-*p j **' y* 3 ^ (J *% 

isy a5o I l —i ib ij_®l o-*£ j ** o^-^ Vtj l_ j <jly^* b o/Jb J;y ji a-j 1* 

j**y jj o-U/lj {£ I ji j*\ ^{1 A^li! Js> jJ> Af O y^Aibil ^I/o y Ji 1 j l$L*/» y I 

.iX^Ij 

Vi 

/*— Y mm y*y bj oA —j *J Jb a—j l£|a/i y*^i ol a—$** I j 

:JL-iJjT 0~*0 A —) JlAL-j (iiLtf> ^Uj, J_J ! ija„s- Ji ij la; bj ij 


J-pU 





j. j UiaUfc 


4 / r = [cos (\ /Y<p)]/r A/m, — 77<<p <tt (OllJ 
U T ~ r x ^ o N ° r x m/s -> p = \ °” Y /r C/m r {^)) 
ojy^fmA -> VomA 

fj-4^ 4 j^S^jlj <Jj p—jloib j\j—s 4*Jlk* ijj-* Ij (.il^'lJU- j j 1 A ??J> 

.JiS” ^ JLo 4j |j aJ^LwJjIj p IjL 4j £->-1 J J ^»ia 4 j jb y»- 

jL 4 j I jl j* 3 ■> j—^ (3^ O^J 3 ij jb A—5" 0-*»l ^1 *-* iaJb jb s-lib Jo>l 

j —b j! jUj^A Jj]a 4__j jl jj^j-* f J (J&-* 3 jl—; c?jLwP 4>-^S ^^ 

O j5" i jt b* o**5" j ob jl b i,jl>- 4j y*J 

J j*j2>%a (^tuaS^A 4$" ^ I ^ I jl ISvJLAs yj ^50*j a! 2> U/* 

b 0**! c5^l—-* iJ 3 S*<C**j < jl aS"^ g/b^>* • pd j^i j* 3 -* Ji Ij (Jj!40j ^Ja**> Ji 

1 = ^ J.rfS 

jl_> ^I*j|j9l *Aj Li b ^ 0*1° J b b J 1 j b ^)\.rL Aa Q^ta J b jb^>- ^ I 3 

15" ji Q. 1 j jb jS I jl^*>- c^ 2 *^ ci 3 ” ^ 

a5"c~*I j 1 jb e-li j ig JaI^- — dQjdt jb 

,^§j.rs =--f (i) 

0-1 J to1 y>" ^o ,4 ^t_5' a 0~i k--3p 1 A—5^ Ij f 0-^1 J+Q 

a_T^ ?o—ji ^—fcLiif aL Ij ^1 ji LjT : 4 ro^l ^yj 

<£j b 3 jLj j>- A>- aS" ijb ^ f Aj C-^^b?- jij^ (J,^ b o*i° . / — dQIdt 

b Ij ^0^ '--b Aj tjb^>" jly- 4 Vjf'Xa 4^Ji .0—1 U Jo-l^ 4 

(^ ) aLj Ij ji jb y>* .^.y a:^ Ij ob>j t^-***^ jj a^j)^ jT <£3j jb i ^j I jil jl j** 

^ijU-i ^ jbo>a j I—j o-S"^ _y jbyr o 2 -! j** *o— 1 f Ai ^yb ^>* 

A0 jl—# j*J .O—'I ^>* j~» AlaA* iib jl l-->- Aj O—'Ij tAt* tjl c5 J I_>■ jb Up 

jb yv ^‘^_j jr 1 -^ ^ 0-v*l aLuL’ O*—’I j oijia Ji jb JI J4> cri'J 1 cr 4 ^ 

.0—1 +dQ/dt ^sO 0-» IJ 0-**0 A-?-b‘ (J^f^ Aj AX^j I 

l_j ^b-«i I^ao 3 o—■ I I;5o*l (^i ) aI^Ix^ 

Aj I J J oi i A-S(23 aJL— 1 J Aj cJ I ^-5 vj i A j ^>«bu*i JI ^5jj I b j I iS I aLI) 

c J{ f ^ O-^i 



fs 


J-dS = f (V*•/) dv 
' J 

p J .J 15\>- I aL**J A, Q i J J i— j O-S ^ 0 

:oO-b 

/^(v-^)*=-|-/^p* 

^ J^LS^ (JdA 1 Cf^* <0*'“'° ^d 4 ; Vl —-j J* 0--J ^ ' J ^Ja*^ J 

j!^S cjI J=^b aj O ol ol^"^ J 

/^(V-/)* = /^-|f* 

i 00> Lj Ol>- j*** ooi c o 1 ^ j** = r^ )& c$ ^ Ab 1 ^ I a$^ (>0 l ^ I 

ojb c-^ 4^9 j, : ; p^*>- tlL c$lto^J o^L /5 

dp 

(V •/) A *;= — — Av 

ot 

4-^i c-**o a* ,yxw aS^Ia* c5IaLu/ ol jl a 5"" 

© 



o-j 0**j A__$*" o Li*j 4 1 o J J-O J-S 4)1 —i A>-^aJ L t^iUva ^jA 

£->l—>■ (iij ^>V^*- 0—^1 J ^_A jl A—S^AOti jlj o!oi> Sj jl^ 

•0^3 4 ' O-w* Alai*y& p.3>:> Or^lj JN jlj l$"j I J*>* U Oml cS.jlwi O 

31 jLj 6*>^ J*C2^J> L£~*- > ji <S\j{ J^l (jil 3l A*5i jjJjl Y*& {J*^d ->•> 

oli^l b J 1^0 la ^>- jL>- ^la*^ Aj ^ls^-b 

dLj* 

Jj —*t y x \ o A C/m r *s oij— ** a, ^^ 2 ^ 5*>-i — i jdi_ j$ ol !£>■ 

A^>-1—; ol 0-i \ o ^ IXX OJj ^1 L^*>- A>- 

C-'^**' Aj (j J „l 3l A—$"jl_Jj>- ^1^^ ol C$lA«J^« ia*jjZ;^ jlOa» (v— j) 

I ojlo/1 a>- io3$"^* ^yb" 
Y 

— kA/m x , ooata juA 



Jp J l^iiJ U J lgJiLfc 


aia r.fi 

>■ ^ Ij j*—Jl oy 40 * {^L.^;^y^J I oS"j> ly iJfCjy ojj y\ 

jA*^> J _* ^ 2U *’ ^ 4 4X—£s Co ly*J A-Usl—9 Ji £_il J y J y£j I JS" I 

jji c^loj>- J o**»l J*«J U j LS -^>- e£Jyt J^eSjyl .-UxS""^ ow?y 

<y» jji e$4oy&i c5j yi oj- y<j> c^3 yi Jtj ij 4i*u£> ji ojySO i 

jl O*^ lj> 4ijli i ^_4>-J jlj*j2i ^jl I Ji 4—S"*^j I^Ij jJs^-e i J l ; .dj I ^/» <—J L>- 4j 

4_j 4ijlJ 0-13 4l*wA (J *->- ^YftjVijS As (_£jy! Jiili- I aS" C-*l 

4p,Xj'l y*" Aj^.laj yk .i^j dA I _#>■ 4X«*A4j jjwiloy c51aj1j,»4; k j) s jj£+ 
jl J J J Lj AXJli ,5 j>-3 ok c£j yi jl y*** ^Vl>- Ij ka9 y ! y> Ji 

i£j y 1 y*** Jj u ^.L^aj dij ji oli^ Jk e£y oj y^31 *iAj jy*! 

c£ ! j 1 i tjlk> jl^p Ojl J>~ a— >-Ji ^'i ^ j*A* p J I dl; .dftJb O ~*0 jl L a*y 0-3 Lj Ji 
y Jl=»- A—j AX—A jl yJJ.*i l —j 4 i 0*^1 c£j_y 1 y*(^I aAXvj ji d-l; jA ji y jy ?3 I 

.JO^j jMj *i ^Uj Ij JUXS"*^* IJU 4,«lil 

pA 4_J dlijJ J^l j$ Aj lg*J I 4^ Ld I lj CJ Ijis JX)‘U 4(^J_Jj C-'id-cl^- Ji 

yj jl z»ia ^$jy I ^i! j^T j j j 1^ lyjy& I ildjt" j ju‘[ax5 y" jlj — 9 

ji i ijk o*J ij- ^i ji a5" ,o-*o ! yi'i j jy j j y v« ^ Jj liu ^ i a j y 

I j Ly 1 4_ ^ ^ li ji diiLj Axdiii c~*y {j*'** l^*jyS\i I 

^ii_j j iidxi jly ^A A5"(^jy?Aj y t^-3y t eS ^ J i y 

c£jy 1 ^jk*AJ A*iy 4ylkv* Uj i A_>-Ji J^ tOvJ I y I y Aj dLijj* J 

Jjj y 6 JL, ji w-*y Aj 4> dj'loJdt (JlA-ii l^j J y^3 I lz^> Jj Jj y JLol>- ^1—>-l 

oi 1 i l —>• ly jySsS l ^ Uj Lx xy1 j^j a* Ii 1 y V L ^jk*j aj j i ^jy- 

ji 4 oj> c^L^jjy531 4dj l<^jy I l£|jU y^l .jjyj* 

i_*>-j c£jU*/* yVL c^jy i ^ j\a^ o-iy? Jij jly ji yi .dxjii jiy si*yy» )\y 

sJjJjj*j? I Ji 4iji-i d.oAik£b )\y Ji J»Xj 4j O^y^ jty I Ij c JJ4Lj AU-li 

j ioili o-^9jk c^^yjy5\il a_j ^L^>i t^jyi jL>- y li^o 
, ij^i^/« 0 j*«l—X o^L.0 oj j^i 1 ji .iij—^ jjy>i 1 oLi^>- c^pLj 

Jx-^Ji ^jij }^ 0 a >-ji Ji c£iLfc c^ij; ^ o-jIJa jt y j oJ-J jj ji y 

• o.~~! o-Ui oili jLi*J* (iJaJl Y 

c-*^yk jiy <y.yvt, c5j yl U Ij 4yyjj*^? ji Ul 

OJy^il 4 jj t—j i j^-j/i c^kl^l_9 c-*jJJ-a jly j 0*9jU jiy ^.*j j jurjUii u 

^j>— j‘ .o-jjI yL _p utL j i^j_j*j ^jU;>- jl <sj yl ^iU, Aj jxly^gj' 

jijjLa j j aT i^.1*'^,—^ oJ a l—-* .cj.*-* j I g * a **> oili oL*^> ^ji jl jl,g—>■ L**' 





Xl J>j ^$15^ ojIXj'I.4j C-J j j^:SJ I tJLj L Jlijl jj^IxJ I 4j ^j J I (Jslj 

OjIX* *S~ i 3 j> yVlj i£j J I j\ jJ 4j tj'j# Ji ^L^jU i£jj J I 4 XV I dS'ljJi 

• i^ >Ua-s^l 4 j J|_ Ip oJ l>- I Ji 0^,*$" OJ_»^ L**» | 4j 

;lj c£Xj*l jlj; Ji ^5s>-j5^ 4*>-IV)) 4la~Jj oJ l>- 

jl-W iJ l_>- ^1 ji .X$~ Ijp- jl X&i^« jlXj Y*&) jJ& 3 Ua 

lj l^; j l i£jji 1 o**»l t,^d j I jiX^a L Jjj L CJ>j\jp- C->Jj4& 4j i£j ji\ 

L_P iij>» jjjl .ijX C*{IXa XJ—j .J XAi j'j> ^ U ji X>- Ji 

dXJ* s^CjiVk ^ J XlAi^ A (jlXV i Jp~ j! lj l.£jjl—* (Jp*! J —>■ jl <_£j J? J XX~A 

.x;^x^ 

lSI^j J^lSsi I ilj.* I Ji Jt lx <J-$I 4^J ->*> 

4— j ^I>3 I oIwLa Xl> ^—f I ji j XX dX*a 1/ jX i\)\ L Oi\>iA (X^’J£5^1 l 

L5 _ j jc-J Q— —e J c^ljb 4 $*^ j^SJ j—? £ .XoT^ j> oJ^ 

i XS"* (_) Lj^p I 

F——eE 

ji (jSJ y t j) C-P J i^X ^.4 iX^j i—j UX ij-?^> iijl c$ Ji jjj*^ I jji I J} I 

l —j 1^ j—JI ji (j 1 c*£ j?- <Sjjh oiL^> Ji ,C-X I j 9 1 41-^^j 

4*_j J ^ jX^-0 XS^ O-^l oXX XL j>Ci X-J jl j>- y 1 ji ‘*$" , (jjj jh dSL.J> O^XX-Lu 



Uj iU ji (JI) . °°K j^ oU £ji 4 ^ ji (jjj 1 jly uUx^L X 

(Xljli (3 ^Lp iljA (o) .ijl^j i^>-j (SJy I C-j tJ C-JcX^jIji ^;> 

iL-sli XIj cXl jli Xlq.9 —& jt,X (v 5 ) jlj^ Xi Oil 0 * J . — 1 1 Xj - 1 4 JI 9 ti-o 

.Xjlji ji o* J . Jx I 



J j 


J I 3 X*y« If ^j-^Q 'O^'y* I J XJ £ 0 -£ y^ I •X**’J^,fl '•—*J ^ J+A Xb 

Jo? j* oil_* ji (S^t J *^Tf oUX° *X>XX 4 _ j ^Jz>- J jb 4 j 3 03 J I ^ysti 

J? Y^ur* cri^ J * (mil) ft Ij lj i)y>J U -ijii 

^=-m| (') 

jUj ( \ ) 4_JiU* .0^1 < 0 X 0 U'JjW JA Aj j OjjZsi I XL *]jS»J He o l JJ 4 S - 

j'XiU J i4-"9^ 6 jlX_j 1 4Xlj_oJj jj £~J J — * JZa i^~->~ J 1 ,d^>J 45"X*i^» 

0 Jkt ^ji 3 o jo o ^ Y (j ^ 4 C $1 _; i 3 o Jo o \f p*X«jJ I (JjI j-i 4 >‘ j^' Jji 5 ^—; O' 

. 0.^1 oJoc^Y 

4—I ir a j L ji j" />/ j 1^*j Y" Ij i£> t^,o L& t ji 

Ojl J? 1 4 —*3 i£}jff 4—J ijj I i^>* J 4 j |j lsI^ImOU Jj Is Ojl^ 4>Oi ^.JIJS I 

jXi 1 —Jji 1—j i A-?i L CJj 1*-'—^ 4l^ J 4> C-'Pj'^ 4; oXJj i l;>eJ 1 

:cjo^o Y^ ol Y \ u^*^- (Y) 4 ] iljw ji I j ( \ ) 4 Lj 1 j ^S" I 

(v) 


—-™————— 
J= -P.P'E 



\ji_j C —^1 Ja p [fyj j&S I J J ISs^- ,c~*"l jljl t? L^j _? j£\ I J i Ss>- p e U I Ji aS^ 
.ijii i^>-j c£^ -* l5jI—^ i1x*j oj>U ji 

Cj 1 3>& 1 ^— j Ia> tiL ji j*j E 3 J fj$ 4laflj Ui 

, (Sigma) a 

ff) 


J — o E 


y ijt* «ll A^^,5 ejlOj'l (y/xn) ^ ^r—=" J. O O T aS" 

(j I J^9 i ^ p.— A I O J^iJ &3 j jZ3 ^ I jZs -1 Aj ^ p_Ci I L ^ A—r C-— J 1 C-J J 1 fci-l' 

^JilA (y) Ak'lj J jli y ib ol —3 jub y; Aklj jl; yJjl aT^UIT 

.C-***ii oXi 413^j| ^l» jl iC-w^l j I 

;/ tsijj-i 3 (J* Oy^ v^\4^&Ai ^\Sw> lj t3j3 4 I 2 J lj 


O' J 


.i jf |^aI j>- ^s 

iSjX* 0'>- j<ff.i*LA O-j IX* 4j O.-^I » j>- JilpTil jl clJC. I UI 

j-* row x ^ o Y 01 wVj J Lp A— S^ As>-^3 (_^^ •* 3$s* t — ^ ) Aj^aj 


1 • Georg Simon Ohm 








<_£' j-t ‘-ri J/J -°j* J * l$I j: f'JWX \ o Y 3 ij-* <j\j> £ JA° X \o Y *■£ jrs* ^ 


V • ^ iS 1 .* <UA° x \ o Y 

I fivA-i £J0 JO _^>j 0 C^4oU 


.*~ 1 > j‘ lj ^lijl oJb&LlLa Li . 

Aj c 5_^9 {£ i$> o b .o j to os**^ b L-« I ^ yJ> j* ^ I j t p* 4 >- i j* ^ 2 *^ ^ jii b* 4 ^ 
^^•jOska C-; l-i—ft J 0~*1 ^ 6^ ^ 0-*J p-fel Ojm' 1$ jl ^ j>- 

!«.-*>I 6 y l* .o**>l c-j it obu* o^ j jt _;>* Jl5b- ^1 j^JJ jl ^^3 oj-b*- c£ly 
jo i^'T^I^ aS^o^ .yj jf^A jj oi 3 ) sl^i (»—>yjjjJ) lj c^jis csI^joUj 
oa-U^t* 0 * 3 ) 'i\S ^L SoU JLiU Jb*_?v <il' A5"*c5bot° .c—'l 6 i**^i ol^>- 

,}j) ,*-■.&! j>- ^ Lj $oU I jl *A*J AswAs^ X>- U 3 
aS" <S3 j^i tc-^l UJj! j>“ Ap- jo j I L“ i j^> Oj I-A* t^5\ o i_J Jb j I 

Jib I A>-jo 3 >A>- jo to-^l y? C-jI^Aa y y^* aS" ^ y* y*^* 

jjai L J& 

jA-b 4j 4*?0 til ^ ^ITapoo jl:^ ojl^_>- jo ol ji$ jl l; jj^- 

C-d-A—J_j3 O^b- t51J b djJj 3 y.* . .XU L>‘ y UU-iX-Xk I J ^■JiS' Jj_ 1 -L- J^ys 

.c-**'! c5bb \ j\ V'°K jt^ vOjjI^>- oU-j: .o ^Jj 

L_ j-J I j f y? c-v I ‘(Y*) -? ( Y) bjljj 

: j^- JjT0 * A * ,i ^ \ ^J** J J ^ 


4j a j5/ 3 jj^» _? jJ I e>lj —j j -AiS"^ Ojl j>- a>-jo 


;l ,—? ^ -US" 

iS I J—* Vl—J -A^*jO oj'f ojl^A/1 4j OJj'^>- 


a — 


P c ^ e 


t?) 


■>LA>l*r jl 


ojl j>- 4,^-jo j jl a 5" o 3 ^ d -^Aj‘ tiJ^>J ^ A ) *b>\ j j\ 

a] L>s^ 3 j jL JO 


OiJL-j. ^-tl Ji L^j’j^I ofj-> jl ^ o 

o*j I -Aa ^ ^ aJoj ! J t JLsS .d j>%.7 3 JL*.} { jtj I J C-^ j** 3 Jy* I 

. 0>**»l \S j£3 Jt y? sJ-^jCLa a-Ui AZaS' 4& b>- 3 J^} 

^ 1.5^ <2$ Jj 1 4*>~ L' Lil^ oj JO 61 cSbbfl/ (J^-^ ^ 6 J>i U ^ jJ jlS^ U 

. jt—ijb {£Jt~j (^^1 61 4j aS" Jj I ^ 0—0 Aj (^l^Jaj I j L O^Jj 

o-Ui oob 6 bj* (V / * 6 ) A—5"c?'aj'I ^1 ,jLi9 J* E 3 J ^ J 1*^1 

* A>r.y JO ,-XUiL tO>" I j-5n; 0—>' 


'■/. 


J-dS-JS 


& 


jO oil J jl*JUA Aj (Job ol j!^ o . S 


Standard Handtook for Electrical Engineers 

■ C-**'! ££j<- v ^° cUjO^S^^5"0 (J^^9 jJj I 6tt J^ etXw Q(^?‘^'' tl Aj 4b 






J* j Ui \c j UjoIa 


- [ m E.dL=-E. j dL- - 

J b J i 


E 'L 


ba 


fe) 


= E-L 


ab 


:l 


V = EL 


\ V 
J = ~S= a lL 

L 

V = oS I 


:O j ui 1 


:L 


J** 1 A—^ ^ ^* W>) ^ ..^-U i ^i****^ I . y*.l L* | 

• J j~i ^ J 1 tC-^l A; 1 ^.7 UiAJL* jLL>ui 5^3 (1)*^ j ^ 


V-IR 


(v) 

:jTji a$" 



i? jl-U* ^**1 jJaW** 1—j j c-^1 oy\s jL^to (y) a^J I 

J 1 jjlzj ^ I ^ *>-ji o* 1 ' t c^>! j£s m 1^7 ( ^y>-1 i (j t JL* O JJ^ A S' I J (J7J> U> ^ L*>* I 

^ Af Jf 'w-^ _y |V^ J Ll* J L> t hXrt*' l*J «3** I l^.J ^ fe^AI* I • aS^ Aa*V ^ 



c?Lif9 cSl_j £* 1 ^)l(X./> Ouxi j J C'i>i_ax5Cj l^l>- 1T*ti 

• /? " Z,/(TaS 01 j* a 5~o-wl y — JR 1 j> • jS c->-L -a j l I 





J jSCJ f 


p.—>• ^y a>^ p.* JJ5 J**-/IXj l 3^>-I P o' J3 ^-b. o* J " 

-k^ i JJ j! p" 4 *'? - (J^'i ^ yC^'+* £*-k*^ jl 4S^ wl (^g^ok^ '--*I J 

U ^ITSJajljpil ^*j‘I( r) j**l 0yl5 j! (f) J (&) Jl ^ 

. ■■■> bl® 1 y *" -! y^\j OI •A*^ 

-f a E*dL ^ 

1 (i)i 


R jf= 


/. 


oE-dS 


j—j Jl j$Ci I J i J* oil-A ji J*—/ |*A £tJa~*ji yj ^Ja>~ Jlj5C/( 

!>l*i U .XiL j f C-w 3 A ri «~>U>- < Jw* ta ^—A ^k—< -?^ (jil jl j^tk—' c5j^ 

v J £ 4,J Ik. jl U) ^iST^Js- IJ 0>- (J jt k*‘* Aj ^5w I |*-/l y yJ 

.^jj ^*a1 y- l^*t j) (_5.il-1*7 ( J>- dj j^l5 

\ $* 0yJ y** £►*— 1 <ib tAj’l^^l C-~« J Uk t^ljf J^-* <ib O^J^’ 

t>i * 0 * ^ *(*i^ (jr 4 O^'* j:) * \ J Y \ ^ X \ o ~ r m lig^J o J o A o A oT jki 1J 

\ Jf ° ^ ) \ J o^l \ J? o ^ X \ ° pr- (>-1 £-kk £.k** 0>* l~* 

: b o*** I o» ^ l—* o I ( A* 


\->*o<* 

i? = 7 -- -—777 -~^o7 = Y \ 

(<iJA° x ^ o v )(urM x. \° y ) 

0 A -( <J L-i fr t5**i ‘ ' “A A -( j—’ (_s ; L-ij»- > ly^ (»—r“ ij—( 1 

j_*j> l ; *j»- 3' ^ ( j YJ^tA/imn x k VJff x ^ o^A/m x 

I j cJ j r \ x ^ 1 ^ ‘ J ^ J J 7 ^ (Jr*' ^7 O ^Al>- I O b ^>- 7 J I 

k^jkf \ yjA jl ojooof yy m/s jk'bc-p^ j oj\rY V/m 

b —* \ JA\ X \ o'' 0 C/m V jb ^ JL;^A Ji 

. o—' I ^^i*m5s/ I y ^bk» Aj j2 oji 

■ES) a.j» 

O 1- ^ l>- („£ I L 5 *"** Ai IJ 0 J 10 ^lS3 I OI wU^o O^iA -^ 1 0 JI bXj I 

ilJI y- (^) ic^-i \ o^A/m x ^b^v ^JlsU- (^J ( ) 

J-Lp- j c —1 \ mm -u { y£L* Jx^ a—; o>j (^) .o-i oj\ mm/s 
'1 mm ^U» a» jCt a ; a/j^; (o) .ol y A J^ob y 
. O—’ I J ^ J* y Y 0 JLt"V ;Jr“^* bj yJS ^^-1 O I jJj bk 

mV/mYo, rf^6, rYJY, wjy :^br 





J jf 0-«0 Aj jiJ (^^IX-J J2 ! J y»~Ly jJ I Al* y>l* lLL C~«J 11* 

J Jb a-j jl j,/ fciL a^ o ji f oo j (g-i' °^M YA *?) 

cm A-1 * ii rm 

A^f fi fi, oJHYf £2 :l*l^r 

IgJ f.& 

J y^> \Jj> j>*+A o>-Li J' (j-) ) (_g* ^*“i 1 Jay|^-^ jl LlS j^» Q.*mj L J L LX 

*^L ttL (J-^ L jk ^j; J y y* 3 ^ jj-lSL a«i Ij 3 o J l-L I Aj j L j ^ j I u5L 

pjTy2^s JVju—I cJ y%~* JAj . ^ J A»- J^UuL* y L^S" L* J^ 2 j la 

Jil A_S”^$Cy:50l tS^il-L* .X j& j-Alil til J>-L J*> JJ^I^Jl 

3yi I jl J ^ J^i_5** LS**^ aL«*iJ Aj XX y> ^1 >i,jI I^jJ jl5\l ! 

l__J -US"* y 4 l-^J Aaljl jlS"*yj! . *AllS^y« jl l)*^-** 1 JJ^ Aj jL 

(^l fyjj$\)\ z'Xv c£^l—a 03j& l c?X -Uj A^Jj I L Xs^j^i (_£jla ^k-* Aj 1 

.Xo b 0 IJ ^jIa ^2-» Aj O-A-i yijjj 

I j e£^la aS" e^ldjl* a>- ^^J>y> ^jl^ 4 j l^'j^^jl 1 ><Jj Uj 

J>-b J-> <_£jl —J ,0*^J y~^ l> ^ La X Ij (5 I jL j o— ! JjU xS ^ Jyu2>is* 

a— > Ij J-^L>- ^Jnj y5v! I jl-L^ oj^ ^jI j^ j^>* 4-b‘L^yj ^Ia 

aS" J L- Ji I y+P {£} la J>-1J Ji J Ij J 15Lj- ^y LgJ 5I>-y J,J yj I y {J 

a^ 2^-L« Ji jl fj —j! *-^’( fc 5' 4 £j*~ A o"^ J* ^>tLuv ^15^- 


OJ ^v-2J ^ L-ifti I ) ' *Aj 


.o-^l y*~ ^s 1§j,^ I* 

[>■ (oLl-j I Jaj|jJt» a5^s^^>* (^jla jSLy A^ab^X/i 

< 1 jX^ Apwj p—at o y ^ jl L^aI*w« j I Jj’ $ j^-j y 1 y- a/ aS"o^I 

A^r^ljj^ |^o !y ^ jl • ( ^~ w ! y*& J>-b j^ jlJL. 

y- Aj C-o I -iA I^j j J&\ I ; O-i I ^ J>^>-J ^iSvJ I ^jl iiL la ^J>* Tr^'/i 


~ ^y5"L^ j^y tL-jltj" isj Aj' j>X* aS" JJjy 5 <jljj>* J JLi JU I yj Ji 

Jl> l y y l Jy OJ.L' L jL ^~a cyS^ X aI*-.j J^S i ca^^L^ J Jh* y v 

L5Lj- o I y^ Aj JUj* I y la J L A>- j — ^ i L AlJ» I i i ys^ J Ia L ttL 

viLj (^l^>lJy> Aj 1?y j* L i£Xi .XjX jAU? iS3J 

"—--—^ "" " J - -l,. ,._.c^l l^jIa 


.|t— ; Ai \1~~J l5^1a ^t-L^ <£3J jl Aj )j y>-J^ ^^'1^ Lrfl |*; A IJ^-y 0 



rt b\Xu>Jj& J[ 


jl iJa /1 I o 1-4*** I lj i y>~ 61 j lA£ t U j I t^loj L« 43 Lw< jjj 1 

. y ^b^bj 

%j& y> dl-j o jA AflJ %fl Ji 4 } ^y>- J l— >~ ^l5x] I jlJ^* C-’AA ^S"l 

^la^) b,® 4 jD 4$*" i^A^« oAA cjl j* j^XO AjiJ A b& ^tia<w 

J t— j j^p Ua jj (J L»£-l jl I ji Oj^s2^1 ^*P JA 4_>- ;C-*« 1 jA^p> 

4 $""^ IsjvJ* I jl . ((j^*^ J^) ^-i I b" -^2* I J Aj J-4 I | ^4 JA C-5"* j>- 4j ^>tla^ 

jlA ^ l5\^« J I jl A~« OAA 4 AA> I j llwij I Jay A^JTa.^—j ^j! j—; t ^£?^3 

.AlAb ju& AjIj ^ ^^Ssj ^lS\J I 

| jt,J> ,A.&A^g<® *—b* Aj 0 JJ ^ C5^ y*& Aj}J ^a AJ^-* aa 

{$33 a 5"~JUL <j5jb <jjjl—y® c—ibA 3^{j> A ^jb- ^T 2 ** 3 {S^? -2* jb**; C~*-***9 ji 

(j i jl jb jj a!AI*1 ja A _/1^5\j^iS, 1 I jlA .o***>l AZij! y o--*—-3 ^ I 

Ij jJ i-US^i^a/ (A?At,a ^Js* IA 4j iAj ;./ J o^l Aai ^y \ \ yj AjA» ^jb*- 

.a jJ> jr jl>- jl j*Aj L I jl .c*^i i£}\£> J>-b JS^jLu^ 

&££j wJ A j> Jljf ^ j &!I jLi (J L5^- a^^ rjjkj 

^ y l) C5 :> ^ :£v * , iJ 15^> < l^4> j^p Jjb 

• D n—Ps L - t0 - 1 &J* 

yjii Jjjiu/> tAJ a5" f j>u\Zt' jl j5 I 

^5^ ^Ja**' »Aj b 4^^^^ 4 j I jl <31 jl Ij I Aw &f> t $ t ^3J j) 


^5"" ^tja**j Aj b AjIjI <j I jl Aj b I Aw J j 

E 3 D j iS^^-G- A™5^ ^3'^'^) ^Ijl J («£iLft 

J^b jU^ ji .AAi jliu* ijA-^ i jj^ il3T t^Uis Aj aT^^ Ji 1 j 




db_ jl 0ilc4U>! 1P«^ ( J^^ t 
o (i I j 1 iS bs9 j i b 





J fo.f ( 6) 4^^* J I 0jLc**>l tj jl jJ ^ I J ^L-4 jl-L,a . Xi jLjP 

oj/T c^Jj abcda 

J) E *dL = o 

t jS\+J I J I Aj ^aW 1j ^ ^ I J U (J I ^j^'*** I 


/>/>/>/> 


jl 3 Aw ^ d c b *-> a 3! J J$ l E~ o ij^» J>-b ^ ^ 

^y 1 tp—ij&i A h \j a *—> d Lj c 4_j Z? 


is, Aw — £ 


" |A Y 


AA + i? B — A h = 


^ j Aw ^fj 1 ^ j* ‘pyo Jc^ y*^ l j A/z 

Z> 3 Q, ju<**£- cSl^i IA —^ JUf^ \Z*>J Uj ^-A 4-$*" ^/* o-XaIw/4 40—* I 

^oIjL« ^ I 4$"^.pL jSU& 4j A/z O^ ^IAjOJ/ 1 jiJ C 4j L iJLwt>lj ^jLw* 

tyjyUf .JJsJs yiL.pl IS 


is,Aw = 


^l=° 


Jyj 31 J 


Zs n LS ~‘ , * J y3J y ^*1 D n ^ y ls* \S^j^ u^-y 

4j l C .**I ^Lfcjl .pj O—04j (_5*^-? ^£;k-* (jl j’^ ^ dj * I y** ! I w>Lo I L 

o~*~y 0 A/z -p-or"y AS OjT ^*1^ j <y ^y ojri j A h L 

yr^Ls^ yjw jyii j' ^ pyoy Jy y*^ 

j)' D‘dS = Q 

<y Jf jSo*l ^‘U- ^Ja-* 4 -° ^ J 


(fij J (J J o‘ 5 C^ - 

-X>* y^> l 5 ^ ! <LU:>- Ji a 5^ pwLT" ^ 0 JA \JLa $ 

D n kS = Q = p s AS 


^uiwjjssai \? a 


A> = P. 

j y-o iJ JULa (£)j—* i£Jj a <—> jib* Ja—>jLjfc 1^1 

;JU5"L» Cwy$3jiljl 


A = £* = ° 


A. = e. £» = P* 


f£v) 

jLi l5^>* jl Jil« j Jc.^ iJ j —7 ii Jjl J^°l jj 1 j (j»jl a ^5Cj^z5sJ I jU 

.O'-*! ^oJa-w jlj LSs.>* c£iJwP jjiaj ^SCySO I 
ySO 1 jl J«* o»AJj <\j] j.* o.i jj j(u& j I S' <£jj$ a^jJ dL 

4*-^ \>*a .O'-^'l {S 2 ** 1 dX_j^ 1* ^ 0—^1 C-~*2 I 3 (ji I j 

4—j ^J^>- JIjS^-Zj I iiX*5^4j L>33 $ I &]akl J3 j& y : » ^Uc*J Lj 

4$^ tj<—I ^la^ j Ji>- i£JJ ol f } Ij JI^SnIj I 4>* CwUo^a 4>cdj 

E-dL = o 

tJj L/ A7 „~j y5\J I jj ^ 4-uajU^- j_Ja; 

' ’ .' ~ :jl JtfjU 

.o— c£jIa (Js’-ii jj ^ Lv U 5C jSsl 1 jlj** _ \ "y # 

^Ja^i j —j l—> 4 a & v^^Ia ^-la-^ ^ j j jj) yS""" l^ ^N^ySsJ t j f _ y 

• I J^aP- 

• O'-^l Llj £tJa~-> dL (j;s\A ^tJa^ 

6-5) 

:Jj jj! c—^—j j c->Vl—p- Jj ! j jl jl (jjLiis jj dJj ^tJa^ <j>jj jlj 15\>- 
<jjjJ\ J&>- (^) C( 5 :Ia 3^ E~ f oo(a x — d y + Ta z ) V/m (J*) 

\ o~ v J j m r ojjU^> ji 

+ \->YT\ nC/m Y ^ WYA nC/m Y 

c_3jJa^a ^<aS l>- 1 j |t-o Ujj i-i7j U c5^1a il j* 4j Ij ,5 j>* 4>- y f 

j l^*j j£}\ *j>-3 4i*w^^Jl jl— ij>- J-°l>* ) ji ilj—■* j^l JJ 

(^3 I S'iJ?J ji\ OaljJJ ^*1 JJ S tJjlc-^5^ jl jj jl U*J I .\jhTajSL£k. 







j\y 4j J Jjloi jf Jy& ^yy*A JJ Ij iiA>- jf U ; -j A^IsIa jl (^jl j>~ <£jy I V J***) 

(il_ i 5jJ>* Ji ja*a (^L^jaL-A |tJ5 ^y U.* Jj Ij l31SLi^ JjloiA^J OjI*A* 

j5 c$ j j * 1 oJj U ^g] L>- iS L* l>- oL*.a L£j’ 3 y^ I <y~ l J [ >■ <j\>- .C^wl cJ 3 03 ^S\Jl 

I J ^ 1 !—>• {£ l—>■ • J^*^ o-- S - " jW I A» I 0 ^ Jj ■A^j I ^j ^y* aS' J**3 J1 y 

y~J jb 05 li C***J Ij <jlo'os^ U L^oLa |V; J * j' <-SjL —j J JjloiL^j' pU OjO>- 

.iii £yj>y-J O l jl o*^C5^ J 03 I If 4—i ^ J^ ^ cs^o^ J 9 ** J £ Jib* 

t—jci U~« ol^>- Ji L§jI C-5"J JJjS'y> j>- ^gSsj y>i I jlwU* ji J^l—>- J5 

O^*- J5 ^Jj ^ J 1 ^" O^f^>- j! L^I^J .5L>tj I J5 oij ^A I jl tC^Mfl ^j-AS^i 

J 1^5" 1 jJ jl yu Ij o*j I^A y ^ji^j ,C-~wl j5v_: l>- Ja*tfo*A-i> 5L>u I 4j&ja 

CO-~w I La 0 ^ 3 l j&$ I iS ^ y*3 

$>i 

o jy? l-~j yAj Iftoyip- 3 LgJ J jlS^J 1 iJjS^oJ Lj yd [^- ^‘Ujj tSl y 

3 oj^ Y u-w y A—} LgS - * j*J —a p-J vjS I^j aS^ Ij»- jo 4C~-«I oj \ Y J 

J ojljjl AJ Ij _ cJj ^j j*-J >- ji^iAA y I .0-^1 O Jo Y ^ 

(^l^jilA jS sji j o y; j ^w« j 3 ) I <£ly 4j Li«a fUjl ^jI^j y°° ^ ^ o s 30 > r J} 
.Jj'lijilst? f oo° I<^ *J^jl y>- A^-j5 c5lo-L-S> 05 b eSl j>J .Oiltfjji 
•ijb oj l^>- A^-j 5 4j oJJj Aj U>o 3 l^/j! j»S^ly 5>j: 

(^ila p.—;> ji l j Lgj 3 J&S 1 l—5^- ojlJjl roo°K 

ojo \ \C/m r p^’ 3*3 fjo C/m r 31 J* fjd* p^'^J-5 

ojoo \ ? y/m 3 p—*‘Ujj j 5 yj ^ y/m. 0 * 3 *^* aj ^iti* yj 

3 3‘Sy> JjJj iJ^» t Jj I jiI C*>j\j>- A>-Jl y$3 'OJyZy* j>Oa 

^gXSJ p^jUjj y?JU2>*A c-j l-VA (4 »mi J5 J «Aj JVI—j C^-Aj J L C^L^J l5s>- 

4 —J i oi 3j L ^J Ijjl V'f' 0 °K^ Y' 00 °Kjl * 9 ! m 3* 

(iJj 4j Jjj^lfA^-J5 Y^6 4f Yoo jl Ojl^5»- 4>-^5 

ij>-J5 ti (_£ t^o La pwJ (J^>^uasr>> OjI Oto aS'} jf A>~y Jj L . Jj L [S' 5 y>- 

4_^“ J5 l _ i i£jfo c^bi ila y^yOP^A C-jI-Aa A^S^J> l>- J5 tUj l—J^y* y*i lj*l Ojl^>- 

C 5 I 4 J 5 LA pj 3 {Jj& t^biilA yas^LA csl$ 9 !&;>l jl yi 3 3^ry* Jjj Ojl J>- 

.d~w I y*yb 

cC-wwl J J ^gJ li t^l^JilA p —*j $Jy J5 pAl O y ’15 i£\A^ 2 Ai 

oT o<»- j oL_.^ ^ Is*. 4j C-~J Ji ** O 1 j->« Aw c-j I>Aa a5vJ I 

0 *J tj 


<y= “P e M, + pAMA 




\?r 


ot 5 I 40 La py L? Ip jify jt { yp jvfl^ cj I -Ia jlJla j*Jii lub 

t- J*-** Oji J>- 4>-Ji Ji Q j^2>zA .0—1 £-a-^J OiW lj>9 L^O Lfc> 

^Sn^Iv^^L ou*vi (^Igijlp^l ^ \ ° ^ L c£yjl y" AJLy* <,£ I ^ o ^ jl ty* ^ 

^ j*JJ <Sj& c^L^JilA (S^ j—* ^ o ^ Aj liloy L |^j c^I^j \*,j& j 

.i jS ^ ji Ji I j oi oly Y6 Jj 15 ja*m A—b jO Li/» ^j| 

J}J tc ^>0 C**-&U 

1$/ I e5y ^ b 4* jS" g^ai jy& 3 t^loi J> c-^*^ (Jj Ip ilj.* ojl-jji A>-y* 

Ji £$lj (JjLp ^ iy"^A| j>- oUa Li— c£ijJ— j Ul .j*jlaijjLj* 0*0 Aj 

j o-— eSUjL L> ty-j aji (_g^i i (_£ Ia^Ls ji jl ^ Up I j y^j y5\J I ulU— 

jl'-b 4 L— J— 5vi -Ui U Ij l—| 3 cJb p— A (jja—'****'j+ ft (jf** 

IaX?“ I c IJ J IS** ^j1 |»****j 1 I y iJj .i^S^ ji 0^ AaA«*» ^aDsJ I 

JI ^aP -k iwJ I L—j Jj *A>- y» IJ Ij (iij j I yp Aj (jJ.j yf\J! v .J j*£> Aj 1JI Aj 

\) )b y yj yLi oU y ji . I j; iljl <^Ua5 y^ij y> 

<£\j—> a 5"0-1 4-n^ ^J—{I J J&j )\ 

A—S^pjjb-li 3j+l\ jl J t|*ijb L^i' I j*J<J ^ AlJbjS'oViU^ ^ 1>*J J I oiliXvJ ) 1 

3 |L^ L_p ojL-jji {j,^(^h^—{ <£ >^>5J <3Ij ij>- c^ij jl 
j ij'j A_j Ij jJj ^-rlj^ 3P JJ 1 i>s Ja3 

•jviJjl Jj Jj>~ {£ i^L^S 'I J*«lji ^^jaj I jj (_£j| J«7 

4^^il Li j IS' 3 ^j_ U j Oa l>- jl jfrPl L^fliLp ^Ut ji aS^^J 1 L^fjjj ■ jl'^SCj 

O^yA^i A_.i l^i | L I ^.i i tAdS^ 'Jj^.ZjJ* J I Ji cJaaa>LaJ Lj Jaaa* Lj J^Ij J^v^ Ai vd-*i^vJp Ji 

j c^ta ^ La j Lj (J^^* jX.* Utj U- L.j Jydl I (^j y i 

•iojj^ ^^1 j Jj^- 4 c5^Lp (J[a3jJ aJp 

jL (^Ia/jj oi^ VLi Aj Lw> oJ/jbjLj \S3jJ L>tj l^-I 

cjS jp~ \ j—) m j o-l j b- obu^ c5j^-j .oaaoI j-*jb c5jyi j caaoI 

jI~l* 4 —S"i y Lj jl jUj L L; y L j ^*p aj Vl^>*I LajL ^;L3>ijL>* 

. 0-^1 ai j 3 f ij?-JAj Ij 

t L^J ^J2JK> .OaajI OjLflA/i cjflilit** <£ L^i b ji j Lj y L>cj L- ^ oj^cj’ 

((Jib) j5^ j —a ij** ^fb (^/bcj L>- tili c^ljb a S’ 

C^iLp o) L>- Ji . 0^*1 Ji dl y >" Aj jL 0 * J *>"_ < yA J 3 0 *b» (^UjLi 

0*^1 ^jil ^y>J l—>■ oLV -? o—l (—-Jy J pL/^j ai L J>-li Ji L^jai Ji Ogp* 
ejl*\il b—i j —S"l 3 *^ 0 ^ 0 ^»- Ji (JJ I a j! 3J I Lj Ij 1^,1 Jyj I AS*" 



\?r 


. iXS' i L>t» i ^jL* J C*^>» (£ Ifc J b ^9 U> t bej [>■ tib JJ I Jt b (£j3 IS"* 

‘i" I o-VAj (Jbfcpl (j I J (jl'-b 4 4—1 j v ^g >\~i i ^i.E, (J^Svb fcAb 

tSl-Ajb tjl-V JUpI b ,C**-1 (jJLi) I jl JiU 

<ib J W" ^J 5 *’ (Jf Ajib- <—-ft) bk>i olg,>* Ji 

.JL/jjl^ i^>-J Aj cC—>1 jIwUa 0^> pA 
AbU» ji *& ^ m J* ^ toTjjbAs? b ul J*ij> lj (Jjo) ^LSji £y J*j* 

o/ ^ju^> & tfcA -% ^ l>tJ i y.f j.~ (r) 


P = Qd 


o/ i^ju^p j) tiA-i ^ l>tJ I y.f JS 


jb Aj ^ 1 ° j 


L« jb Jl A— 5" C^l t5jbj* ^ J ^Llji C*w» jb £) jl Ji 


Tji aS** 


Al^ |t^t?“ b U J J-ib Alib ij^-J ( jLo) (^b£ji fl |**t>- *A>*I 3j&J$ j5* I 

: -^T^ 0-*0 A; y.j cSjb^ £-*>■ b ^JaSji jr jjbASo J Ji CjwTjlS" 

n A* 

Pj^ZFi 


^ JU> jj^S**I .JLuiL-1 AUib ojlj» ^oUU Jj I1* jp. jl tib01J^ aS~ 

t|w5^^ ^ ^ Aij?.^ )3^»»S o\j& A; I j P 


P~ lim -j- 

A*—+o uV 


2 ', 


c£jii^ jlX* *—b ^J j^2> I jP |*^*l y i^ A b .0-^1 £_j ji *A>-I j aS^ 

(J^.^JU I j pjl J^Iai’ ji L*)L*)1 P a_S^ c—^! *Ai>* j& pj j^b j^ 1 ' ^ ax^u^j 

ji jl Ja-o jI-Aa« I j <&2su j _A ji Z 3 jl*bU pJ 1 ! y UI L^bt; .c—*»! (j^b* 

lj (/z aj ^ Jj5\JU c^^bj iI«-UJ aS"I tiSjy j-^9 o 1 aTc^/IJj Ay ^ j * 

j-~a’S r (ilj I j—J ! OI A^ S'" C-wj I tslojljjl Aj (J l>* Ji J cijj Ji 

j^ c5j-^j 

JJj* I^jss ~La» c5 La j b I O a5^ o-^ I I L l.s J,a j I 

l„j A; Liw* {^IaLj IJ lg,j I (£\j—i J JClS" ^g<« ^>*J l>* jl wLva wLJ jJ ( t ^ ,g ‘ : > > ' ^ I j l L^b J b 

.ij J I l^>* C—^'i Aj y ♦ Z) “ p 

^J^b* b Ali I i o^wiji C„5 L^J ^>Sa {£ 3 1 >* ^y l i b *A*lS^ 

Ji lj AS ^^J* ^V2lp . jP “ O OiL J*Lj Ji J ijlJ—» ^LiJi JjllAS" 
c-S^j |*j jf u* J& J- 3 obtj ( ^ aj*j5v*Ua toiL J>-li ji 







—*• L£^~ ^ d\*X~» udi —i (J L*P I lj AS <J>JJ *-^<*' 4 J l_j 

L d 3 P <SjJz> ^JjT^y ^y P — Qrf JJ liif t*L Jy\JU jA jj I 

N /\ d cos 0 AS (»«-y^pjj ^AJ jT jTy 4$"^^$X*y& .a/jL^ 0 y j\ j AS 

c^*** 4 j AS jl +2 ° l '~ 4 j 3 - vAj" u— w-«ib jly yj 

c^VL-j ^ j ^ d COS 6 AS J j* t4» li^a ^ .JjlJiS*^ y I VU 
jl •^^ L c' a 4 > J&Z <S J** 4j AS t5 ^ j I — Q J yf cllj tl*plj£tia^ 

t5JJ 3l 4 —^<yk ^ (J^ -X tJjlj Jy^J j*A jb JJ J^Xa ft U^>- 4S"^J Uj | 

: l tc~*l ftQd COS 0 AS JJJjy M\» w*>** ** y^p 

&Q b = nQ 3 ‘AS ((r) 

O^ I -Lii* J L l —i U J IS"* 3 j~> AS" cu-w 1 w»lk* y, I J J 1 J Ij JJ fy fj~t I OI J J A?*" 
:c—ilj j>- (o^^ly J^j) ^ y«s~^-y .jljl 4 j 

AQ b = P.AS 


03 j£ wi~w aj jby yi yi7 a;«j *^4 jl jl yp Aj Ij AS ^1 

y3 (Jl^Swl jl a:*w Os^*^ ^ -Ly I j*l J&Ty J c~*l A>-jX* 

:a i Ys* 


AS 



i—J c?L^i^5Cl^ (JaLx yjX (J>*l j JJ As (SyO (J^*^ 

P ^Ja9 3A (jrLfbjjbjjf J I^cj I y53 I (j|^» JU«p! . P j» jlxJ*5" 

AS ti’j**' 4j , y*' j! tX-fl-* Jliij 1 ay I y dAj_ j .^^^5 yi jp aj; j 

.*Jb 1 4 j 





J l*«lc J Igalfc 


Q^-cf'P-dS (y) 

• ft J&t JJ p b ^ lS>- L 6-U> £_J ;_J Aj |j jlj Jjl 


Q b = / Pbdv 

J <f^ 


S 


J p b dv= — j) P *dS 

*£b ,t^l J>- AbU* ^jI C-—! J u3jls> ^Jjya j:> ^j^l JJjO Aw23 il; 


p b dv= — / (V-P)dv 

J c^- 


aS^ j j^ic* A>**lf 3 


V*P=-p i 


.j*Jjjl O*^ X (^l.gJLlp (^1 jt A> UL* I Ij pc J '^(3' 4 U jji-** 

l_J a!zj IJ ^j I A**j \b> tC— I J Ij 15^>- ulL ^j Ukj l J t 

J P (o J^l ) (jS* ^ (_s4^ 0-’ i ^ A^^wiao^ ol^* UjjI—:9 (^IaLL* 

—* (j-i ^ 3 -Xi l—J Alib ^ y>- 3 viLoj_ i aLj Ij dL £) (^dj^ I jli ^ t^>* 

.j^Tp. = *l_*>■ y_3 cib-Uj Ij oT j ijb C^stj 

Cj-IJj (_**■—>- Ij (J j^S' Lo (Jjt aJ J I** Ij ^j*»jl5f <J>jJ 1$ ^IaI ajj/ 

: f^“iJ ; ty pT ->W tXts 1 ^ J J^-J ^ 1 

V-e o £ = p r * (?) 

o*^n^ i^z-iL jj>- t5^l^* aS^^.* l$L‘ft ^>- ^ ^1 aS' 

^-9lj o\jp^ Ij bjL ^vJj c—-I jIj ^Uj Uj -bib p jlj l5\>- .Jjb 

(jjl ji Ij j xxi I jLi L£>- t ]} L a5oI c-Jp .c^b jS\\^ jj j> I j I c^Lcis j:> 

^T") jD J-> 0 A*ljl (^Jftjyu A?"o-**'! ^jI J* J^j aLj 1 j 

,|*jjjl i--)1-*j>-Aj yJ \j J*ib ^lj>» Ij j?** (iji D — e o E 

3 p iUl t^bijl_> Ji JI J ^ ^>- A_S^ |t-j b^ Oj^ I 

j o-ibi, ft c^L^jJ 1 Aj -i? j.j jA Jjl aS" 4o— I oJk-i y> p b %xJL* (^IftjL 

a>wj Ip bL* (oj;^I ^*bs jl c5-Jurj c-^-—5 





^lyuj jsa i 


V- e o E = p + p b 

(P) ^ jl oU**A li 

V* e o E = p — V ‘ P (v) 

_aJ ji jJ Abj 1J I <—y Ij J 

V • (e o £ + P) = p 

i J^-‘ A>u ! jl y ^ j, ■IS*' ^Ij Z) O' _gj* jj;** 4,1 I 


Z> = € E + P 


Z) 4j Al^sy c^^iL Alili J€ j j*» ^}J>£ ^-.La c5^oiL« Ij ^£*9 
Ij JU Jjl X]$[aa jl fj ^li (y) J-> (a) ^ * J <^S Ij •5j* , f k £* 49 ^ I 

£ j^j JJ l O-wj J> 

j> 


V'D = p 


akj Ij L j'0 4kj Ij ^jI iljl jL? 4> O D 45"* 

.$/ A-jIa* (>) 

0 


V •£„ £ = Pr 


Jj IaIsjIj ji .cj— 1 6»Xa I oL> Aj ^!jl j' 1 ' (J 1 ^^ l5\>- j I ji aS^ 

0 J jt> i »—> 1—2- Aj JLi ^Is> lUj Aj clL Ji Ip oi U Ij aS - * c-^ I o I J-i ^4 J " I oj Iaj j 

J_/>U> i ltojl„i JS^J Pt (?) ^ IJ ji J P J—*1-* D 4k? '-> ->^ .c-v^l 

.0-^1 JJaa {J, Usjlj 

f jV i^iJJ i J-*P 4 j ^Ij cblil^l ^1 jl pj! jl: 4>sIj 1 ^1 ^y 

4—5^ !j j° (Oj^I j: ( ^J s5 £ jX50 I ol-^y o_iJj 4k>lj aS" c—^1 

UL-1 l * J i jj JUil y>- oiU ^jj jl \j U*l? aUjIj j,j I .^.a/IJj 4C-**^I ol 

^J&>- c^Ulajlj L^j'T (£\j-* P J E i (*—JjyjjiI) -^ J JJ ^ Ij C-^>=; 

iP J E J*jji I) ^ -?■> tA»'jl^ 

^1 jlAj ^*wJU^jj a tSlgilp 1 —Up I A>- j5 I .Jj jl j* ejl A >-OI 

l_ a j jJj JjJ jj y jjjl) jj t-lij j lr j'-* 

A r it^*P t —j (^J j\i it jr* fi J—j JJ dJj jS- 0-^1 

UljJI a; j jI^s j^L (^b&jj.^ i!x>s! ji a^ jl UI ^.W5 ji t£ Us j j ktS 

.0<h\^* (j L»P I (jlwLv,4 Ji 






^ ofljJ?.j U J XgJiUb 


jl—J 1 <6^1 4C^;J ^ O' E 3 P (J?. ^kf I J 'iAiySAN^ il J>® Ji 

ib^jJ (oj^i ji J^ T ) ^ & y** ^ -^or* jl^* j! j~ ; 

(jLofeA/ j*.) ojl i A> j,^j jT ^bi oV U~ O jl-O Ojj> iik Jew jy o-Xw 

.c—-i J^jj viL/ 3 oi) ly j/U- ii^« ^y ^/i 
:c^1 j\J Jjii jl E 3 P fj** Jta>- £Llj 

P — Xe e o E 

Ji 4$*" JU y *\jb Jkt ji .owl AiU ^jJ>iy^A\ 6' ji 

SO-*-*/ y~> iU I 4 j u-*w llj* Of li" *Aj j l5sj ^.wJJLg-a (J U.aZ**> 1 3J I 

**=(<*- 0 « o £ (Q 

aLjIj j! oilil^l b 3 

D — e o £-\-{e r — \)e o E 
D — e o E r E = eE 

e = e r e o 

——™—™- 

-^i .0^1 Oi L—^ s^_>iw™iCS 1—J £/? ^ v Of i ^'^'“T l . £ 

.o I qJ>3i oib 4> j*J 03 U (Ab^l5\] I 

s>-*j jJp oil'-*’ (S l_* y>\ jb e _-—>• j —j jl j' I j -X/jj sAb Jj Ip ilj-* 

Z) cSUaJJ y ji lit b j;^ ^ ^^Ji o^S” ou*^j/ o-L> b (jA^-b 

^ j5b l_>- oi b>- Ji ^ \ ^ Oilw aIsjIj j X-ib E ^iJ y*J& jl (_-*J b Owl ^>0 

li^t/ 1 J*- ^ ^ i b^ O 

E„ = £ m:c E x + e x} E y + e xz E z 
Ey — ^ yx E x + e yy £ y + e y _. 

-E* + £ xj, E,j + e zz E x 

C^J'j-^ j~ -5^£i {^JP j^- 1 E 3 P) ■ l—J ^ ( -' a |j S^j ^-{ j*& \ 

jU>t^A sJ.; U^ ^5 b (JiL^ J./ jj si-b i I y> iS^jt D = e o £ -|- JP ^ia; I j 4_>> jS" j 

^Aji .pJL^oiUiwI J_y~Z J ( -i-b OI I—; -biS5 I) = £,E ^kj 1J jl I 

O jIzaa ^L>- —>Jy J 1^ -b’jj sILj il jA 4.—j IJ ij>- A —^y l^J I JJ5 U sOjjv*-^ 
* jl jS*"lj IiS^Aj Ij 0*1 l>- J 


L 



oTji aT 


& 





i ~bUuj J £}\ 


jja SjU aj &|»>jla E J D (jj lj I )jia> (jjljitj 


D = eE 


o_>b 

(") 

oT J* a^ 


e = ^ 0 


A—j Oj—>15 ^51 J&\ l —j (^IaLS/ aL-*' J Aj I jl-i l5\>- jjJ I J 

VC-**'I J* $ 1 jl 

(v) 


V'D=p 




0* Lj ( J^Lj 


to^L jl~j‘ (3^ j ( ^ ^ ) ^kj i j Ji 4_ <rJ j t_ -j j,^ jl LaX/wo| 

t(6j**v I J~j jjL ^ ^-S" .A-i ^_Jaj Ji A—; ^>- Ias>- I ^5vO 4— S'$ C-c-L 

^j> \ U 4AaL; wtil« j ^kl ji 

-*ijVS> 4 J > jS ^ J I J 3 - ) }Jj—A ^k>- J.p 

• J ;***^ 1 j5\0 4-Li »*j.>tJ jl 4j £>■0 aS" (jJISLi) ^UjljjU-A 

A^ Lj 1J jjiij j j l—^ j I ^>£5 ^3 Aj Jj>~ U^> jjJ 1 i_> 1 ^j ll« j 1 Aj 

p^\y* ^ x ^y> a j x O il jT csL^ j t o ^ ^ ^ a 

jl jly J-: jE^-jU. — £ o a3, V/m 1 j^> ji-V jr^ £jl>- 

• jl ^gSL I jji ji Lj J \J\ (jlflj J-lj 1 

D^ J \^ = e o E o d a . <j J * u*J^ C J ^ J:> ^^<y <ykT *’ 

jl Ij jjLr ji . o t|*j jIi-Vj* c£jS\o oi^ ®^k Lu I js j j>■ j 

i?Ljjl A —j IJ o^L j|JU« p^j'l 0^9 aJ^Uw Ij J l^sj- Jl jA 

y jjJ 4 j *(>; A i 

£>in= Y->Ne o £in (° < ;r < a) 

Pin = ^ -^i n (° ^ ^ ^ a ) 

AXili 0.*^i Ji t3i'^ (J^L j^^* Avj ^jj 1 j! <J? 1 ^j <j£jldiU aS^XjI ^^>t-*Aj 

l^J 1 i-X*^ J 1 4 ^ ^k Ln**a) I • A***** L^,^ I J/ Jf^L i ^ Ji I C5^ 






J Vi Ip J 


jtS^i c£l j—{ *co—4 jl J^b ^jJU»Lj ^ 4 /Iju* a# y Ip ^ 7jl> ^ ji** 

<£Xj 4 >-yS u_J 1—s>- y ^.'-J A^iib CO*O J,} Ij (5^* Jp J* 
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Y o o ^!i^l 4 j J IX-4 jS"^ 4> ^*j*5v» £ ^L*<Oi ij yLa5 4Z-*0 ^iJL iau*»y 

4^0-^ ^ csi ^ I ^ A; c^ltoj_p^ L ji* dS 

\ 0 c--Jjl —y ^_^5v 6 ^-k-^ ji ^jL»>- 4 —> ^—>- jl tj^ i ^S^£s I 

JAj* jif/jiA -rjy\\ j yjuy j - r«\ j \ j — yj\ \a j 

1-V* ji Ij fj—>- <Jl—„ j*r ^^yljjjO (cJsil) .4Jlj j—a ji _ * j* 

j ! *Aa^ _^i )j ^5 s*a I 

jk^) f-° 3 ^>*/j_ j c^ilft iiL -f' 

li jki J jrt/4 \ o tJ(^1 Aj I jl^l a) ^ ij_^k4> I o j^f p o 

<b \ 0 Jjk aj 4_> a 3^ (^) i r mm ^ j^ >j y mm 

r mm ^-U _? y mm 

az>-L^ <j ~ \ / 1X1 ^ ^ j— i a— S' <_^lflik jl \>-y 4j I^l^>! tlL «.y 

J j —k j ^ mm o" ^j 1 ^- j y a/ j y^l y> \ ^Uj> .o^I 

JLit a-Li iili 0 l-j ! j ^jk^j j^S" 1 .c^>f y Qm 0^ 

•F = — A ln(Y 0 or)V^>^'^^^J^‘kjof*V(aAg = oo-y^^ J) 

I j £ (^r*) I ^— J -^—? ij a—j t y*>l j^-jls^ j ^ji±^ ^J^-j (OJ1) 

lyt™ ^ ^^ y ( Si ^ J ) ‘4^ Jj\ c-^-Aj 1J J ^i—.*A j jj t C-~^*Aj 

. *AjS"^ A**« [ J ^ 

.c^>) fl-U- a:>-L. d-w-l a = \ o v ^/m aT ji ^ U-y 

j (j—lAb ^_jk- j_?i .o-l ^ mm ^j 1 -^ j Y mm g_l*i 
J—./W old— j ^o^g= cxD ^j* a—;) J.:—U oJi aib sJ; <_»I «_,£* 



^ ^ ^ j tc J Iqi & ta 


i J>-\* C-^" Ji“ j MO V — (\ 6°r) ' — f/Y V 
X> I J> (cj) iX^S" jV-ju lj J Ij E ( 1 -7 J ) IJ 

* J-JS" a*—** l^x> I j ^ ^ c Ju _j j i lJj I ^ (j l> 

J* A J J—b 3 t?A> t oJY J& a -> (q=Y X ^ /jxi) C-«sl aL« viL 

I j J i ^ ,c^-^ i j~* i a ° c->-1 y^i j>y ^ Jf o t <_£i jb j c—-1 c-*o 

.J-AS^A^W* IJ ( < *^ j ) **AjJJ! 0~k*jJj 1 j JJ ^ c__^ t JJ^^y^xT 

o.ib Jj ojl^4j uljJ 4>- (j-J ^ -/? 

o jo ormVV * S £j>J (od 1) : ^i jj! j lai/oU lj £ ~\ o 
j o = ?jy x \ ° v u/m (mO ) / \ A mm/s j 

y*y J- AJA X \ o™ I J.& c^I^j* j j&\ I -ilJx! 3 JJ d = \ om/s 
cm J j 4 x ) 0 f S2 * cm (c_.>) .C—*»I 

v* ojy cm x <j' 

i o j\ ^ r ^ \ o cm j 6 y^\ oU^ ^ iS\*jf ^ 

j?*ji j_;i jr— Y ^ z ^ Y J AA° ^ <p^ ^ 

Ju^rbj ^A 1 *" f 1 - 7 ^{J^ 6jU; I a>- qp — ^L-' j-^ y** 

o ~ Y y / m ^ <p — ^ 1^y 

c^-V ji lj E z 3 E y ■^-' , iS^ ^ir= Y 45"j*Jb^ y 

(y, —Y', — f) iLL‘ji 4S"ajjjT 

£ = \ o <3, + £^ y + 

p g ^> ° jT jji 4_r ^:La dl_i £._k^ cSjj ji p_Jb cr _* f 

<3jv (v) ^ P, (^0 -5= ft** — Y^ pC/m x 

{ jA>X'tA \j 4j ^2^ j* 2y*-£ 

3 c~~"I 0 J Dib (£ 3 j ^oLi3A>u>» J} V — ?<p+ Y o/rV J : -j‘ L:j j!-L^^ _ \ y 

t^Laaji ill (/*— \ ^ = f 0 ° t<p = fo°) 4ki* ^T^Jb^ 

fUJ j^ \j p s (*^») *3.yf y~y I j (_£.>1—ft 4-bU^ I ^ o jb jly -if j 1 

.J^jjl a —^Jj ^33 

<j f J i J "^i J-2 f C-^* *Aj Y ' 0 0 1C J^ ^ J C-j ! -Aft ^ l_aJ I ^ _ \ 

3^ pt* ^33 C S \j* j *-£yi I ('*r > ) •'\r* ls~* ^ 33 J& I j>^ jl 1J 

?w-^l ojUj’ 1 4^- foo°K 
c—I \jy cm J °Ji5 mm y~-l Sj‘ dl> 

f j ji J _/.^^ y-i jl-A ^j 6^ (j^t ^ J Y'° c^j^J J To °°K JA I 






<£\j> U d (<r) 3 7? (*^) 3 I (o) 3 J (^)j E (v) J 0 («Ja)l) ue« 

.lyjySOl 

\ JO o o ijlJj‘t*-i jUi j w>j! ^>- Ji I OJJJ+* C5 «-j‘ ^ V 

jl+* 3 *U>I—> Alib Sj3r3 y* j—a ja pi I 6 jY Y X ^ o^ j* t .c-^1 

J P (<J I) —i JJ' I j j 4 JUl jl ji j— > E ~ ^ o r V / tn 

j 0 + jlj ^ aU»U ( 4 ^) j p 

ji J \ o ^ ^l-U7 3 \ o^ Q . 1 X 1 jjtU5" c£l jta ill —t _ ^ 

is = 6000 V/m I oi+* tit y 1 ji ojb uT c-^SC* y* y* 

oJULil ciUjjblf a5"^JU-j^ ,u; of>- y+ j+u jjUi? ^ji y 
.-US 'b e r J x e 3 P c£+4>* cif jb 

^! jT lSLo* r > f = y c£l^ aTc^I /* < f S;!yul ^ 

is N = Y °a x — \ °tiy — foflj ^ z — o j (p — o 3 r — Y~ j:> j—S’ t .c—1 

. Jj jj l c~->0> z — o 3 Cp — o J ji Ij . JJ+ 

(% ^> °->\) r -? (o <1 ^ <C °->0 t j(^<C °) \ -To 

A-T ^-i 3 1J P r 3 E r 3 D r ? 3 X 3 \ ^i I c£+>^ iSbb 

. 0 >jjT C-~*a> XSkli ^ = 65^+65+6^ 

S R z=z X 3 X <+ <s\J* £ o '-3L&3 Ju> JJ U-U £-j jy Jj j Jj+ Ai AS"^+1+ ^Y \ 

• > ¥ <£b-i <C ^ <c ^ £ Jl = ^ ^ 0 '‘C ^ <C Y 

V? b JF j -i-it-i is = &a x — 'fa Jf — ?d z +^ < + > y x <^ o l^Ijj 

aS' Ij lSIaj jl j (*._-») * k — X (<_->) 3 !c— \ (cJii I) I +jj 1 U+ 

■+JJ l VIj (^) -> (<—aJ <s\ j) ijU#^ x — oji q l; E 

Jyi* Q.U-- ji jP 3 ^LftAiJy (S\y m \jt£jj* Jaj)^ -Y Y 

CL^Jj £r\ ^ ^\J^ 

tjj +u i^j .c^i 4^3 j> j (y ^ki c>Uip^* 1 wU j^ \ jxC aL^’ jij -yy' 

1 —>- 4^1 j^ (<Ja31) :^ijjl c—+ ji j iaj ijj- U/‘“Y^/ ,:=: ^ 

30 <d r <^ \ J 6 <£\j-> e= Ye o (v) 4£ — Ye o + (v) 3 e = e o 

£ — (r + \ )e o (*^) 3 r^> \J&f£\ J 'e = f£ o 
3 r < V &ji V =X°r COS <p Jr- 1 *^ ti*-V -Yf 

V = 6 »r cos <p — (^ Y o /r) COS <p 

A^>-Uj^^ft Ji Ij E (oJ I) .c—I T ^> Y 

Ji (p ^LJ £ ^U-aJ J»P iSjj —-* aS^ J-AJ <jU*> 



ur 


t u,uL r Y tib e — A:e o Jr^> t ^ £ = £ 0 /i <Jbb /* — y 

.ju^IJLj b k 

b-b j*b_5^tfljl Jj 15 Jj'j jUj ijiJ ^'VjA? o ‘U.^b b i£\ jt -Y A 
i j. J&i Jlkl o;I^ 4>-js j:> (Sj'i i^l&JsU y> J* b £» b* jI^j j>\ 

?0^» I ^ b.r j Uj y y d l "^L £ r — \ .5 j5 ^j3 3 

d — \ 111 Ill ^bls o bao Ij i <Jjb Ij jb obb 31 £l* j& iS33 -Y ^ 

a&T^j ojb jb-s + ^°nC vr cm T ^*-b> j ^a 31 

|*Aj| Ij ObL/J 4,bii jljJ^- 4 obu’! 4>* Ij Oj.5 b tSj-^ jl> jbZfl 
0*5 (h) ^ <SJj 1 Sj->-5 j jWj (b&5 I) j-5^j I ji_j joIS^Ij" jta 
.^>Jb jIj l5b (^‘) 3 J&S I jl JL* 0-15 J 

b Zj — \ o J l) — Y 3 ci — ° JT L c5Jj->^ /►A jj b o*5 > -rv 

6^ = V Hi) J-iL -cib \j_j j Jafly. j T j)Is- jSj Ij 

(v) j 7r<<p <0 77 ‘ e R = ^, °<<P <? 77 ^ij? «r = V (v) -> W- 

(°) J & <C z <C ' ° cm t?lj; g fi — \, o <^ 2 <^ &cm e* = r 

W\ a <X Y cm<iij; e R = ^ j 0 jv •< r <C e K = r 

b>- JJ _ A 31 Ob ^j*-ckaXj b y J Y <54^b5 *ij jS ^ pA (5^u %£3~ - YA 

S 5j b 4 S' jt jZ> 4j V ^^ i jj j 3 j b (3 (bfli I) . Jlj b j.5 

4ji V C-*^ b-5> (^) eJ 1-b’l ^ JJ j3>j*\ j) 3 $ cJ J& Ij Jj £*1 1 j 

jjl y w 3 $ o*$ J& b ijv5 6^1^ j\j$ o^^l^-b rb^° t5J^ *Aj L ^j^J_^j‘ 

Ajl-Ul 4>- ^ 

Y X Ycm V 31 0>-l—^ Jib b c5l^ubp c5jl j .a j31>- «Y ^ 

^bi —j y cm r 31 . 0^1 f mm p—* 3i l—T LbU j 

Cjnax J o-^b ^ ^1*; Ij ol^l Jjb ^j^>- (e r = Y5T5) 

?0-°1 oj I 5 j' 1 4>- 


^ oUL? l_i j *5 oj*- b* b I^Jj b L 4 .^I l 5jl y 1 j 3 b -Y 0 
oJu’l^Jl —j c5b5 j ^ 5 5 tjb I jA Ayij c^a{>z^> S I .o^l jb b C ^ 

jt 2A* ui ( t —^) 3 ob;i a>- oa5jI^ i ^3 b 

•o^* (‘r’) j 

A-j JJ5j» oUk5 o Jfc ni X 4j <iij t^w* ^-j ^ bjb 33 -Y' ^ 


^ Y --b'b-Li ^ 31 y mm bbf o v'mm j Ymm J^ 

aJ bl j^?ji X>- j3b jjjl jfe ojj jlSC r jii7 oUla5 31 





Uuj { \\f 


aj yl Ip * c^>-l J^i j J&t cxil _r^ 4 i oAA cii^ c5j-k * -Y T 

43 L1—j 4__^^/b^6 ,c*^l oAA aAy jj^ b cj^I>s*A> J £ r “ \ o «ilt cSi 

CC-^A; ! J }) j-A^* jJ Ij? J5 C—i ji? 4 j V Ur A 4 j ^o b> \ O 

•Ajjjt 

Ipji ^5 jASC jl a!v?U 4j (^jly J^aL-J OjVmm £^L*A ^ -YT 

\ o pF/f t I .Ajjb jly I £ R — Y j I iiX j^53 I(£j 4^f 

.AjjjI cj** 1 Aj Ij d tAAb 

aJL^U 4j y 45" b^ J b^ cS^bA ^ c5jly jj-U t'l ji*>\js c-^U -YY 

d^> b^ + b^ 4 __r lSjj—\ 2—> A^jb jlj— -s (>—* jl d 

:oT jj 4_Tc—l C~ YireL/(cosh~ s 7 > N + cosh - ’ p x ) 

p x — d/Yb x + b x /X d — b\ / Y db^ j p x =d / Yb x + b s / Yd — b]/ Ydb s 

j A (^l^li J& \£ yj * A" J jS" I 45" C--^i Aks 1J l)Uj& Ah) IJ ^ 1 4$" A*ao <jlA> 

h^ = d — h J h\= d / Y + 6* / V d — b\j Xd ^[bj^ Ij 1*a 

• A<* I y 0->Aj pO ^L> .ijbjl^i I^j I jl aX y jf I y jl 

j yU! :AA5T4 *»j 11* ^ Ij <^J 3 j ij&S 1 y->-y Ij y j ily c5Jy'l aL^U 

. ^ jA 4*>-1 ja Dekker £~r y \ & \ a, ) ^ j j u j j j 

\ y Jl^j A { ax >-\yj L .Y'f' 

Standard Handbook for Electrical Engineers 

C-aS^.U AUA-j j ^ o o o ft ^ 3 U.a J A>- jJ ^AA 4 *^j,t ^_>-ly Aj ^ 

p:* - ^-j <s IIj National Electric Code J okjr 34^ 

.J.J JjT C-V- Jj l_ift J} zfjz ^ oRH b 



1 

ofo^ bjk* J 

^ \ At jS jfti A* (Jjl 0 J I JJ2> bj AS^ J> oJj&ljLa AIJtJlS^^SS JU^- 

^ci.w^ c^i (j^o *^[_*>ij ^ki' AOS' jiSvj! olA^i kjl^ ajt 

0 U^ i — J (ji^J^^<* 3j 0\^ — ** ,C^I jL* ( j B> J2 ji 

J>*t 1 jl*A«* w*Xi j ijjT c-^*b Lij jl ic-^! c£iiX AjTcub .5 1 ^ST 

j i£j t^t j*5^S 1J l«t 35k- /j-hjJ (_£ 3 y jl jj L jl I j 

<_£*»■ jL> J bs>. lc^I dL jT A^k^li J ISU- L Oj? 

b Aj jl! J ^.i!_? jU J L5\>- J Aj I 

j Lt J IS^ a 5" (jl*t/ \£jy Jsj I .sjs A^t U*>* uljijb L5k- ^y^*j 

.■X *% L (j- ^ a~^-j L 

j-^J Zjj* <xUU 'i\i jij J L5k- Ij jlX* jljJli j\ U^IUI JZ I 

I tj iiX jjjj- Lj u^-* 1 * i ^Lj-1 tj? (Ji^S^j! <iJL A: i JLt L 

l^J It* 1 A^jfti O ^*3 ^ i> k AI^j \ oE*b^» tlb 0 *^ i^,>-j. 

A^»5^ ^ ja^* »Lj ^ lJ I \ At sf-0 ^_ift aS^*X> 1 ^b A; ^jt \ _J I 

Ji^r—^ l -—-* L*i*^-1 lu^/ (J i j5C^ 3 I J1 j 1 jfj A-l l^j j I 4 j ^la/ U O Ip^Vk 5 

J I J$£l \ Aj jJ u Jj U; 2 L^ O- u^t djlJj'ly* a 5"i^-al J 

jl j taUiT Lflj! ^ >-^^1 j-^v®,' 4 u*X> Ji\j\ aj 

l_J ^k>"l Jj ^Jj^j I «-b 1-J A— S* I _J ^h^qS' U^ 1 J Aj jji E 

.X>lj& 


Ol 


3J J-* Ji J C—I \Zj tj^fv Jjl Ji U ljSJLj& Ij 


A_S"p-o ^CS 


i> ^—; {j?ib |*^>* *XIp- t«-Jv! cjl l5 W*j *J^’tcJLir ^jjj^ ^ j j^>- bjlj 

a -j ^ b i£jj* ^ij ->j^ji yb .^Jb^ b l^'T ^ J.wb obta>-t 

U o-™>. 5 <+^ f y tSj^i.} J^ j*^*!-^f |t,^-iU*^b >bi 4-S^t^bib a3 L^ 

'^1^ JT^ A*X*i 1 4 ^)^^ Ji J j- 

*^*i V b ^ (jbp J£lw* j?,ji i y (ji^ 4— 

_>i .p, ^ Iwl j J y ~j b oS'V 1 Cxz** ij-j^ <jbv b 

o'-j^j?- obc^i j li-J jji50 S ibs^i? jj;y U j^a=^--.* Jj Ljj aj ow* I L^tjj jvJ 
^1:3-1 i j>^y lS^jj L 6 ' ai Jpjjy= £> 3 U;! Jj j ^^jUU i^lTj coVL^ 

L a iA^l_j jb Ij ii'A ' 5 l*o 3j —J Q^P-i J Jp lS^J iSJja Ai CJ *<1 If . JJ 1 I 4 

<S\j—> l^ r l cJb J J iji b J^~ j 'b ci^~ J J -^ oly^' a'S'g*=> ^AJJ <j{l 

J-j^' J*3J 4-J ^ HSj&i* <J*3J> b Ojj JAl^> JUg.4 JL^U* 

i 6 JI *-\j 1 J c< 'k ^ ^ ® 3 ^ I ! J (,^-3 ^ l ^ 1 

bf i*jb \z^Pj^ L *j)I jJVb -^_4-* 

At c^b Ij o*-^ ^ ^c* tJu j(J aS^" 

Lw 1 Ij Aj L^j 1 aS" A^^'b As^^J ^ ^ 

b^V Oi 1 ^ j»JS^ oUl aj lr ^xy 

°‘ jta i^( 1 ^* tj l> b ; * a^ ls* yy lS^jj Ajbl jl Ji t«u;L^^ 

^ jb ; ifl ^'Xa Jjbfl jl (_^jL —j ji ajT U c^tslj iyjy 

^Lwj Ixj j!^a>» j 7 ^ ^^ j^~ lP*3J ^ ajT" 

■ i y±3 J ^4?tJ J 


^t^jyys ^ *¥ 

AS^^ 0J^b OJb ^b>-i i^i5^J ilwU 4 j JaAS J j^JJ U ^JJ 

(j-l j> Cx3i At Lbb' J OZji jl^j Aj ^ji J J j\J rf l Ij ti^iL^I 

jb (_^ib-^ A5^t^Ujb!j o^li *Xip-jl {S3jz^ ^ ^ 1 jj ^- # ^JJLja tiL -c^sb 

‘“^JrJ U^ ^ b^Ji \ O t' t^slS^C^i Aj c—-l *jV 

l^y 1 Ji A__S" Jubb? fj l^ilhLfl ijj.-* Ji ^zb JJ j3j 

ji ^33 J Al 3 1 JJ i_ 4 >^j a>-ju^ ji j_i+p i! Jj-j 1 ji 4^Ai^i^_vto 

TJjjl jlv-! Jv/lAJ? Ajljt jb a 5" 0^3 IJ A^b 
,1 h1^j1 luj APtjbs Ihtli^ {,5'b ^>jl> 2 *ji _ \ 



UY Of 4^ 


\r 


^ r' L^ 




^ Lj 3*j .t£iLfOi ^ U* ^k-. Cjk {kl l ) \*9 J^ 1 

L /J jfl 3 ^4* L ^4 v>1 ij^-i jL* —(v 1 ) ^ fj* b j;k* {& 

J d} " edd ^ 

^L^,/Lj j* J-j—£ fiNJ i jLl ^y 15k J ^ £llA—a* OJaA -V 

«JujU; ^L,,* AjiS J ^J ,J> jJ J £ As*uTj" Ji -V' 

^.SLo jIj aj j p-^j L: iiX j\ o>L^ kjk^ i> ^!ji ^x] l jU> j kjk>- „f 

L^T <j\gJh ^! jy ji j ^'U^ Jj <£l> ji j'j -k'jAjs* 

OJJ OJbL (JiU 

^ jvkv> AS"^^-yk Ji jjk-^ kjk^ Ij djli Lj ^4<>J {£ Vi 

£-k~* Ji (O^L V^) O^j k Jr'J L p* 

a XJLS^ L^j I oj Ik ^I^L-JIl obb^ I L ig.k*J tj p_* j Aj'Lju* o’i 0Li./ t^iU> 

A—Jji J**J Lj^a £■ ^Jbk* jU^ kj.k>- Jj,-1 a _,fTc--*M^ _jkl>- Aj _L; L *Jj [&JL>: 

y J Ji Aj 1 ^j J i A/ Aj’ A:>» jb ! J 4j 1 I Aj 

Akij" Ji lj jLif k^>- Lj k*- AAi tlj.iiii Jjk U -O^* jkn/» kb £=k^ 
J ij: J ! ^ ^k-j jl Jjk k>- ^j_l ZJJ* 

i j>-3 ii!i jUJ J c5i’— 1 4_5*"fj L,^» 

aJL^y J^jI I 4 J Cj kJ Lj k>- ^il ik Ali ^Ja3 ^ o A^jlj lj Jb'foAw J JJjL 

(JJu k^_^>- k .J-b^^- I-Uj 4j>\^\ iS^i Lj J.A Lj i **.£■ t LwJ bj ^ jk-^- f i S-ftJ jJ A> 




*A y Ij Lj j;>lA **bl j?L Cy-* 1 *; L jl ^*S 

, ^ J OlA-V ^ ^jls?- I W J ^ A 

1j ti^SL L>Jy Ja>- 3 ^ y a y ^ ^ CS- 6 ?^ ( -^ f Ai 

^a*ju 1 ^ yl (fr-^ty^y 6 ^ 4*1 a 1 jl ^t^J B' ^ 

^,1 15vj- ^_j Ij jl5^1 1 u ^ -A^> OJiJy l>- 4*_& JO i iJcj yJ i jy' J^j-L>- , ^ : L 

I j L .J 15^;>- j\ 1 aS*"J j! s J^--**-'t**--* ^ j^ 

ji531 jit I?jik^ j[ JtL _? I y L j j-j LjLJy j-J _^£J I jl-i J ISL 

£_k^ lSjj £ fiC jL j? I ySL ojL a* .ai^yj ^.L? ij jy JsjJU^- jl dl 
jL ^ jLtC 1 CJJj-tfjl JA Jut Li 41*1 : a Aj=r J OJJA y di_i J*£ 4j £ J ^ ^ 
»jJj *-^‘j*ty B 3 A f y? 4 j d -^ J A_Ly ^3j3> 4j-U y I jl i _y^t 1 

y I 4_ ^ Jk-^J^y jfia/ 4j j^Lajl 4_s*- jJ jit 4 ] y^t^Ej Ja>- C^-jJ>- yl>- 

i I 41 1 jA'i ^ 1 —uA jE y t aUj - 4j aLJjj iiir ^jCy* JjL U jL J?jJa>- 

* jjiS^ ^ 

Li 

l*-L Cit j4 Lj ^1 0 ^*^l 

^t^lslr j\ lj.*j^ la^ y I J—^L jl jt-wAljpsJ^y ■A—J 

4'j 3 L- Ji7 4-^(JjU 1 L J*.J5" y w J Jn:Ij'i LiJj^ 3 lj jl J C JCj‘ L 

1j C J L^- —3 sfB -3 L ^l.>- B£ 

^y wJ Lj I 4j'ji5L 

J j*«Lj (j!jj y i 3 B 3 A J Lj 'L J Sbfl* Ji ^5C 1 jl«Ly 

k^y yjj .ijCy.Ju 4 !>L iL^J^ j\j£* ^y*J>Jai Ji u y;^aJ 

Jjt. AL, j /M j J* j** 1 jO> ^3y. JJ>1_.^ A^/Al, jU Jl£=r 

l; o—»1 lSjL.j E ojl jJ*l y. Lj -o.-"! B J A J- lj Jo^ 

\ 

e Al ( 


IwltlLs* ^ j^w«d> lj ij^/i y 1 jlv Oxi ojlJr/1 yy j_w^y JO 

jJLIi j^-j tJJ j\ J> jjU>* J*—j li# ^Lfjj ja ^‘j: ; J A J»& J? J;~*'U 

^.Lj^ }3 ^ Jw'li _j<*.‘ j p_*Ali/ A i,„ U jU?li ,jj 1 j~? I ■ j»i jjT j4^ lj /l 

iojw (jj.Ui Af Ij -jjU> Jr' ; U j** 


£ = 


Af 

a4 


LJA 0.^1 j4^ ^ yi ^Lls Ja.*^ J Lei u5^-i J^L« yl 



\\\ OlX* hjkt>- 


U? 1 JA .}ji <UJ& jE yjj.1 5 L* y{ SJUffli Ja^j ILfl/ i£\j> j\y&* 4? 

p_a tiipj/ \J 3 jJ Ja>- JA 3 ^ AK) ^£iJl5\j dlpji J-wL> rtija ~ jJa-* 

j jjl 1 o lx* c^I^j *—^AjE^jLja ^xL-^5"A^) ^ 

t JJ jX {_£ j L~j L ^ 


\ Ay Ak 

e Al.-AL, 0) 

wji c*-] ^ Lw up U o '"' ^ f-*f J>j C-^ J** J** 1 

jiJLCuJ jjLjh,* J* J l j ,*> £^]a-y Lj ^ 6 <-1*j_^>J f^A 

I J <J^L t -L> l I ^ U,i O-j U J (j£ i j ,—j * (o^J L A 1 ^ ^ Xi u X*j U 4J ji _*£> j$ J l-A 


Ar*._ . p __i A? 

AZ„ ^ e Ak 


Ju Lj 


0) 


(V) 


j J ,l—-* <JVxx! tlUoj>- ^ j-k jl J- 

pA £tJa^ *SLJj^' JfljVJ jU A5^jjJ ^ 

J^. ; Ja>- lLIj (S3) 4— S' lJ.X w ^ jA~-’ ^Vj 4lj?b j 0_^A^* O 1 ^ 1 ‘ .J;—* 'X 

aLaj'^J^ JA iX**nj b ^ ^ 0«*l vLw«*i ^il ,A_j^ Ai>- ^j U" X-/X I 

Ji j —J .^j'JLi ^L^Al JjIj j&> ojlJjl A'C-i-lA &l?b C-^ V 

j, J H U Lj £0-^1 O-U; Af^ 0 ^ jJ ^Sjy. (j>Un ^U.* i2j3S t _gf’" l, jj- 1 

^j 3 p A2=A j o^l jE j2 ~Jj•* |W ^ ^ r ^3^ 

o I vJ 4_S^Xi jLj& i ji iJkJi aJ^*. iS' ^ B jl (^ \^) j2 ^_r 

hjk&- oyj^ ol5s/ ^jE L^; 1 ji . AL r = ^A n 

i A-t ij u^u* u*■■^ , —* (J^*^ ^ fT'— a ^j ^: ; 

Ji_i jSs^ t -E-M C^AU J^A^j 0jf_5 J 

c^l JIjU IuJsI^h* j Ja=>J IvX= I ji fUAnjl \jij sjb Cz' rjA 

(J* 1 ^ }y*± | ji jSL^y ' J J* ^ ^ _A(jT A by I ajlAp'l^a 

JJUi^ J _ i JA J ’ {j* tL^-J ^ JA ^—5" t5 

,JLj jwUU Ja>:! f,P>L^* 

L> ^5 

JU^ UA^J L \j Jjz' ]&_}£■>- 4j ,-sj I y Oj^ E 

jul; lj ^UU Y ■ 9 U^A -^“5^"p^ u J (jU^* fc ^ > “ ^ 

\S UrM "y jl aAli^] U (jlX> i*tS * ' J ^.j_I ^Vo O'jLi L^J 




UJt* t ^ Q 



jX 0.^1 oUi 45 1*3 S <_g \ ^ <J5^X 4 j j ewii LkjJ L Y ' 5^ 

iasj Xii> (Jis.?^ J-i [fc-r^ ^ g;‘^,-i t£oU*^J Oj>vt 1 j l£J ^ X>- 

A,Z>11 ftj J.S 


r^ * Jj-** is-* I J J~*J u- A—T'c-^t ^%j1 

^*^3 4*hL*;^J^v4 (^1*m,j [_} i-L?" Ja43 ‘WhGf Ji t> ^,-ft ^*JIjj 

’4^ 0^f5^p; a lj^>- C-^ ^ jj^OhY L^^J—' ; ^5v 4~u£j ^ ^ *f 45"* (J> J_tiaj . J/j.Jj 

dX t *c^>! ^ aJ \j\ Yk ji b df(_£J^1j£ 3 $j'^j 

Xiy <il„* j£r_ 0 -iS Jj-^> ij^T-JiUsI J Ju~,/L.> +_& -l£>- til-J (jd^LfT 3 JjJ ia>- 


-U]al* J; 0j JJJ A —3 1 J 4J-£; j! J ^ f 4j J Oj-i Ji^Jl ^ ^>.-A 

J^b ^s**/ tj jb^^l U ^1 tiii ocM 4 j ^.Ly oli jHaJs j.!sj zijA 

'u&Ajt S 4^-j^ ^ & 4; ji-j y> l«/^.5vi a; J^o jfJ^I jj^cSviJ? p-JO 



iJL- Y 1" ^ "’ J - 

;1 J>3 A Z,t: J 

JO 0 Ul^ 1 i £^—j . |JL--^J 


HJ 

Ji L5L*jb"jl ji 4^^; 


'■■^ b 3‘ A>ji' (_5'l4 j i .^j' 

31 

j I^.j^Ss| 4jLiJ L \ j $ja>- 


1^ 'Y^*« j (^^3 

j** 



. ^.*15^ ei 

i jSj^ ^ Ji 

liii 

0" 

l i Jrpl^ai JariS ItJ^ 1 3 '^-* jjJ 1 0^ "iLiw 1 1 

JU jlo_ 

* liX dX 



juOLj <Sj^ j & jj* ja ojl^s Yj^l U ^Li^l jj> Ij jir 

i^L—j b ^Uj j—J 3 td*-* 1 ^ jr^- ^-25 Ojt>- 1— i Jj b 0b i_£] j r 

JpjL>- 4 S^Jl£'1__j iS jl JJ-^ 6 l£A L—ft o---1 Li?-'-"; aJl^j J Jj'U^j Ji 

^^^Si3 A? I 4 ! l jl L ^ 3^3 l^J i J »Aj b Jr^ 1 -J V^ ^ Jv— aJ Lj 





t 

jLb o «&J& 4*^:;** L IaaJLqj d-93 j Jb'l#JJj ejli jJ-mtfai ! jIjLj js b* 

. 3 J JL£ -AaL j>* *5 ! j 1 jt J 

(_S3 L* j y 0 \ j.jj <_£■£ La aS^Ij 15"t£ f jf 1 j If"Xii' tiX y . ^ J^vi 

SkljiaM .J l C=QfV 0 <kj Ij jl CU3-wU^ oL^j' d^ljjX< jT ^jU- 

c5ilA ^ jU ^LaaJ jj 3lwbJ oTj^ 45" £> cSU 4i N Q Ag — iV C ; A'F 

^ l^L—jb ^IXaT JVp O'JJ ^ ~ jVp b^V ^ Vj 3 

jJ y;.Jj v> f 1^0 Ia 


a^_AG 

at„A^ 


c _** e ^_ *s 

at, AL~ e iV p 


t^Y) ii“b jl ciLi^l Ij J 


L^jy* 4S"c^l ^BMs* jU liX' c£X>3l oJjrb^/J t^ljj *bL t fbL R = \ 1 yb 

Y-? 3l VT j\ vJ3 j L^oLa t yj d-^sr -?> J* ^ 



f^*OA £-J ^ya *Ja>J l^4pfcl* CJ?l$*J 1,—j [jltOs bL idifij 

lie*} j\3 N q =ax rjYi— rr j>N v 


j! JliA 

— Y -^“'1 6^13 £;bl 


C = E fr Nq!N\ t =z & VJ? pF/m 






C = € 


A x rjfi 


— avor pF/m 


f~~j‘ <-£ J—' iy y ^ ^-i la- jL—i 'JJJi jl J J iSj^ r J J j-*J J 

fj j,j _) aJ i laCAi 1^-/1 .A_Alsili vJU- Ji>J 3 1—i O li^Ufl aLa? 


:j-S' u v. 


(jd 

, 


Ji i_?A;v jh Ji L AjL?i dJL JmS (3^ Li t jlA,J ^Aii' p^J ^ lM 

j ^— * (£JJ OUJ A_tfcji .AjY^j aJ j| ^ilAA At y* 

•'kJji-tj* tSl**A5i 1 ^ j <L&f*y 

A l— j_ f Iaa E Ji i jLw* i!- l jj 4j Ij j^j5L)I yj * $1?^ J**Jb -Y 

. AJi 

j ti>- Li 1> 4 -+a j * j! (j I Jl : » ^5" ajS" j It I (_£ 1 b jt ij ^La L i? jLi>- _f 
Jfl jja;^ AliJ.j" ji*j A-s^l jlS^i^j u l 01 Jw^ 'aY^ Ea*>- L'ji tA-^ I 

aS'aaY^jJ .juw <ub! ^ ^ Li Ji J J^ - ^J *J Lj 

AAjjLv* Ji J J—J* j*^t ji Ji lj (J>-Lk Jj^ Gib^ t^bljj AO|i jji Lr JpjUsi ^%j I 

.-X> jji pA jl t£ib As- 4 j- yi> t_£bljj 
tS^.y ul^J J -—£■ I ^l5>l^ + AJ5* p-i-vj IJ lid Aav 4 J?jlip- 6 P_ ’f' 

!j A?_*b>- jij.J ^ijuiJ' Ai lj jl 4 xLE L Aj I ^ Jas^J 1 ^^tJA 

4-5*" Aj s L^jJal— j t^_j s ^j ij£ b&Lj J^A b ^5 Aj I jJ ^ ^ ^J J I 

.C^^-A sib ^So ASC Lgj 1 yi- J tJjW 

jj aj,Lj>-jJ jL«j li^ji L : Aii b L^UsiA-ja ^t>Lt3 a5"aj _£ 

AAji ^-b- A-^J p.A 5J ji A<^fj ^aLjA- 1 A r S 

d,_ , T^ s j'l—*j L^j ja5"jI^ 7 ]j jfc> y_\ j I lj I^aIaaI ^1 

.Ail AiA 4 Air' ^ L? Ji LbJ l^>vJ 

I Aj ' J 4 j J .i 1^150 c O-^ i j ! A"^ OAi <5^{£I i y >-1 Ji _ ^• 

4j Ij L^Jbw Aj b U y_\ ji AijLA^ rAjl^xi-rfS ^ b 

4s*3ij ^iJjil ji Ju b fI j?-l 4 j ^«;j ^i j5\^jS *1 jj^I 

J-s-1/ yi I ji J--J lli oL-~ij y J iJi 4 j Ij jLi jj jl 

■ i h5j p w ^i^A jl*^ 4 j f j 


S. Ramo, J. R, Whinnery, and T. Van Duser t Fields b 
and Waves in Communication Electronics, John Wiley and 
Sons, Inc. Kew York, 1965, pp, 160-161, 



if***® J 



V? aLj* 

JO*^ 6^ + U (j-:^-^ J^) t^U^f^-i jo jl ^_i (f .^) JSb 

1b c^Ji bjfc jJ****/ Ill Ovj I \j —^ jJ O 1 <_y. b J i ) b J I j—^ i£ j3ni i I Ji C5^- 
J oJ J Y£ J^->b p* i?jia^ ,L^'I oJj ji^3 tS^Lfc J^-jb J cJ J ^ 00 

* C*— I aJ— ft JUS^lTo I S J ^ Uj ! o^ 2 >" b ( jSs^i .U* \ a Xi p—J cJ J V & J C-J J £ o 

o—*A > I j J'ji? jl* j-& oJ J& j! Ju* j J~*5^ b ~k=^J 1 ^ ^4*f / (IJ 

, JL* j —j j b I-& V Ij jS^ j-* IJ I jl oJ^i ^>—■ *L J J 1 

■*Vjf b:L* J& b u ^--' jlf J b^r (^) 

tt nC/m^ 1 TA<=o V/m^ii pF/m sUfL*^ 

jo ^ r.? 

jly^ j o—1 jTi AJy* ^yj 3! J* ol-yj ^j^S] jLu* 0^ 4 -^ 

j5vi csljta A_f^jS"bf JJU> Js- <j\ j> j*S J^-b ^Iji 

^jj l jl ft J1— _J^iaj 4 j LJLf J~^ l^J I jf tb'bJ—^*<1JLA 



i fof 


1 j I jL^ Abi?> )A L- L* Al~~j jlSvj I o 1 J2> jl ji 

<_£jy I eJ^f JJL k o!‘A^» Ji cl?Ui‘ ^Lo O^-l j o*i- c$L&jl> t$j j* ^ 

OjLp A^ . l$J 1 liTjl uj^L>- I l_/ 0*^1 __ <** Ll« aLjj/ JA jx {^IaIsAj J~Jb 

t^L> 

A W E = Q AF (c/ l- 

Aip c = A/gAA (J2) 

i j^*J a^ A^S^cL-^l JuL ji __ g J (_^!Aiiaj ^ Ji'f 0 i J> A3 

j^-^L <.{£$\~* \ <*_y^L>-! jj jjibi b c^j L 

Me 

Af = ~- A /2 — k A fa 

iwj^L>-lj . 1^~‘ & v— i^>\l >-1 ^jC .—-a 4j lJLT aL; 1 J JjJ 5 .w*^l L" c^J k 0 i J3 AS*" 

.^ 3 ^ o^* 5-> ^Urj5 

y} J*A^ vtbi lL —^j>- J* ^Al* c^r>-.]i:^ U Li I jj 4j Lj ^ji I L 

(iTj aLjj/j^ Aj 01 ji fa A$" JJ i 3j>" ^^dlx* b*o b ^Ifc/iJL* c$5 ^ 

.C—*'l aLai 0 5 J3 ^fw' b jlJjw '-» ^bOb %>*.0+£> J yuj? ^ lo jlj3 £$! 3 

i-Ub ^a j^JC iS'^i J Jhi Ju~; b l^‘ I jo aS*"| J I^jIwL* a 5~3^5 A>* jj -b L 

^ = K(®,y,2) 



^j')'^p-l Li LL*0 Lj . 3 3 &>~.a 'li lM a OAj ci*-> Li OljLA Jo^a A-P 

( c^u>'l ic? L ^ a ----> Li oAlj L j!^ ,\_ - »a» I yiM'Lii ^L^I 






4-»3) ^3£i' £\&j\ ol 4 *& f^*3J !jjj ib jl^s ^w j* 3 J_y <j\ 

ajJ^U jL ^ jLu &.£ j£b j; .^U* jh jit; jj ft^Jby 

f/ Pi , r * 

F = —— In — 

YTre r 

i __,-'- > -J* lj b j{ O pi b [jb,J «i.a IsiJrO 4) 

Jt«? r B ^Uol 3 J— ;tj t j -* 1 ^ j4^ J^i ^ r B 3 r A ^ iSh^^ 

oI A> J b 1J ^(j*>- 01^ ^ J2 j b oSjA jj 

(jS-^f 2A ^jJ ! 45C/1 j,i Aj^P (J^ I »p2^jkj Ji _^4f s J ijlwU-s I 

j)JL* j;> jbjl ^ji J3 lj ^jV c^U^Akl L 4> 1 j- 

L>jbjJ 4lSAi/j ^U’jl Oli^l^ £W>lj ijLil jS’uJajyJ U 4/ 

'if 1^4 4_> C l 3 t^Jak’ jl J-l ^b“C? t5_?Lw4 (jT 0 31 3J I 4-5" 0-^1 

jl y > x jUJU Ji^j" jkj‘ j; j—,* 4la^j' ^Uol ^1 Ijsl vJsjL? 4 j Ip 

j! J-*—* <■£-?-? Jt -2 ^ Wa*^» ji 

ji^Ufji jh Jm-j tj l ^Urjl L J^'Lj a 5"^ bj i 

Lj^» 4 I 2 & o^ 

^ Jt* 


L ^LirolJf^p wJui 


jiJ c $3 j? (jjt jb^u Sji t-LI^ ji 

Ff-QE 

(J*L* ^T-k^j y A _ ^{£$*)$ 3 * *U>- i*ll> b , jV/ p y>~ A _S^ JjjJ* Ji 

JUpI ajlJJt !%*j1 4i jl ^JpL —> cSb-UAj *S3j? J-_/—^ 

\J^S 

F c — Mg sin 0 a F 

* 3 I £^ia~" 4j l^--—j ^U 1 4jj1 J 0 3 J1 Ij" p.— > iJ-i gr j 1 j} aS^ 


ui 1 ■ 

t5^_j 4?-Ji \ J\ jljXflb" ^ til>-j,r"<^L; t JJ t£\y 4^^j[ 4j A^-jl U !j 4 jJi|j 

iC—U^it^frjlJj'l j,I^A {g 0 3 gjn B ^=z tg 8 (ab^M jl JiS 

jj 3yi^ jf5vii iS~>jy*2i 

F G ^Mg\Vh\ 

Fc “ VA 



j J^Ob 4 j Uj 4 j A>-jJ l* j 


Fe_ - QW - Q(MglQ) Vh 
F g ~ —Mg\h~ — MgVh 


1 J 4j i 1— >- ^0 i ^ Ob ^ 1 j I i J JU a rU- b“ 

Q2j —^—j b olji jcr~* ^sjb-l U 4j J Jug; lO 

.j*jj_ji Jju £t-U»* 

i J& jl ^^ 31 oUol Lj i yJ 1_L* 

jtS^J ob jb~? ^£ 3 / j\ a^ 

y ^bJjl J'l* *be ‘ 4 ; j '~r-j^‘ *; ^cSJjk; 5 jS ls* jt j* 

f Ji V Jr' 4 ^5* 0^" ^ “* U* Jl \H w»l jt^ bb O' _}~ 


wO (3 jL? tOJ^U ^__O' us"^ ; jri3 


d^h d^h 

dx r ^ by T 


jil jl J,^ _jbj jt jJ b tjJ'l4*>-U Ji J^Ob ol-b* ^ -^O a JO I J$ 

iJuS^ ^ho o-Uj-W ^bU* (jf*i 4b U® 

d^v aV_ 

dar T ^~ d^ T ~~ ° 

^3 bb^ o^ 3 -* SjL» aS" > jt^l cjUI b^^SOLsO boi 

S j q^>lo 3 ^O V^j J OlS" waaJ ^b U* j 1 U- 4 *jp- u Jr-*t. 

Jais (J® - 1$-* - -'■&> 4jljt ^jS-L' ^ji) jA 

iS^—^jj* J2 oJ^' Job Of ^ J ?jj bj \j OJ5 

jLftl^rv ^LOb if ll'^ j50^ Sp Oi OS"jt J J5 

3j^3j bLo b jl* *ib t3b» jl y+z- At 

*UU- 3t eili:^l L> lib Jjj- ji*3 ^liTjf ^Soo^v L 3JJ 3 (5U^|[.> 

o I ic^i Lr ^ fJ J^o b 45"Uw' 1 3l .jb U./ /-£ 4 j c?U jS 


J-» oIjLj ^1^ js Spangenterg, pp, 7B-76 ^ Ms* . \ 

. ^j_w 4*>i^ 



X ° Y ^ >*> py*y j 


^UTj! a.~j o I a <iL* <jjIj jLij L ij ^^SsJL^V OJJ 3l 

j 0 J1 J 1 J ^ j JtJ ^ iS 1 ^ Aj Izj ^y ! U1 . jf ^ VL 

^U-Jbj jS-V 1 jj — >y* ^\-—> y.l jj *o*^! y-w* p , jj j: j<z k£j 

&Jj£* sjUi^! j^<-Vy yj jj l£j^ c5^a)^ 1> jl j-y^* w^ljj y—* yyJ ^ly j c—»1 
Oy£ oJ*J V!-—f jf >C-*^I ^^slj 4~5*"^Jylrj c JLs*- y# [ jj <5*" 

„.iJU niAlyv LaJ kjk?" 

T-P 

A = \ ° + # T — #?/ — y^ a— j ^_SLi^V Jjj Jj_* tiL, ^k^ ^LJr ji 

ijL^i! jwl —=-j~j /j o.^l «X* ojIj 0^2/?^ f j \ a: < £ t£Jy 

^ J^ 1 (^') '°y S —**jl y 3 OC £ Sj^-* L$3J C'U>j j Jyj^y ^ 

jlJJUt (w*) —I ^ IJ—S^ ^VLc^4^>- (n t) jj J^iL 4^ yi* o jji c~*~* 
u- Sa?k (v) ^Kj-* J *T ~L (^ J ^ ) AkSj' jj y jj^p 

^|J,5"l?jj ^u7jl 

— \jri in -? rY-a° *4?ij=r 

Ob j^~ ^Uk^jLii Y’f* 

ojLj^ iSl^law JJ U 1 —:y- j LsU* yj 4 —j Li; ^L-l jy^ 

i aj o \ Jj ^ I j Aj Li# ^ I , Jj jJ j>’-- 5 ^ Lp (_£ La k~>i^ j j ySJ I j Li L5L>- y 
oLjl j> AkJj J ^! Oji Is jL j >■ lSIjJ Js£j k>:J jj [y j otj jLi/ 

:jl JiTjLg 

/ = a£ 0 

j* 1 L^ia Ip jj aS^ J U~ jj 

i5 = e£ e 
-VK t 

Y 0 L# a_S^o^I ! a> Li#* ^JjL^ lS^L^ w JJ I 

^ y j—j J ^y? j^ 2 ^\a Oj LlA j £ T £ y E a cs^- j*^ ^ ^ ^ l 5 Lip j ^ j 

a# a*>- lL , Ji§j U-* jj Aj jj D 3 J ^^iySvI 1 jli j ijL j*- 15\>- j 4 £ j 0 

L^l^^AJy] jlj-* A Ij jli C_-*w L; {^5 I^ju ^#* 4ij/ kiJ.^ 





tSj*>S U- aJ jJ cJU- ^1 

.JuTiJjr b aJ J 

£vlc*» db A f ^ j Sj iSj jA ^jia~* JLf 1 4*J L>- 

fl*XTC-*X b p* J 4^4^* Jl jf \2jJj*sZj ^SC yxl I jb ofT 

J dAO^a Aj Ijl ! J \—\ $j£>- Aj tdj ,^«f 

*i-L»L b ya J? ^ k d_ ^ J ^ ^Ja^ Jjjl^ O-vjL^ jb 

a^"X iL ^U dl a£"c—-I ^jY -Ui ji a^* y to*-! c£>U dX ^! 

,A*vIj (,>3 b ! jJ Jjj>- tJ I IdA 

o^d —j b ^^>5^ ^^ dX ^5^-b Ob^* U J> f U# 

y— j dX (jU^ jl j*jdo j,* -L>- AS^obwJk a—5^ 

aj b n jT ^ja; ijLsi 3 tfijr^ j j*s*Uj>£* jjwi 5; ly*J jj j _X tcu^l 

J3 jJ^-* J l*J, b^Yb^l ^yjj- ,,/ —i I Jyp*J dX b cb 

l^j i aWa^ J& k_X __p U aL* 4 dX dX*5^4 j t _j J-**j W I 3 i <^5** ^ J bjP I Aj I I 
Oy>\j* dX ^bl ^yl . |**vS^ b j *ubu/ b dX c£bb aS^ b y^lX" ^Lgj L c-M^Jb 
l£X*j jj? a_j a 5"<^>-1 ^^b ^yj Sd^b .c^l ^b J& I 

^ -w) b' J-i lj jr*'“' 4 .j! O^LiZ*^l Jf li.*? 1 i*rf bj ij.JLj 

i ^ dj 1 1 JL^j o J b 

^ b OjX-^ L?^_^Ajld_Xl tj-ija jl oi^-i 

L o«u 1 t5jb^ UlS^!j y"C-dt* Ia aS^^IS^o by>- »C^»i ^b \ 

I — £ J ’dS = oj)^E >(fS 

J**db bs'X^'l -Jjb^ 4 K$ jsi^$\-fit *Lj iSJJjt AI^J Jl J^b’l O aS" 

£&** y A3%4*^ aj oy* a=*x& y Jb^b i Ji^y 

V a =-f E’dL 

b C^l diLwO 1 ^ ll? 3 



^LaS O^X J5 ^ 'dwl V/B^Qr oLx5" . \ 





1 Lj 4i jJ5^ J U jU* 0-^9 jfb J 

Q '$E.dS 

V o -J E*dL 

0 ) 

oJ o'y (_5^ iJi b -jijidj oJ J j& J! C^J-U yJb w^O Ji If 

. i^5"o^j lib oj L- y *j IJ/! d-b I* 1 j 
i^TJ <_£i b ^ l * J& LS" ojl i j tS'■_/ o a !-*j o IJ l£ J-*; Ji J* lS 1 

c 5 ij —j .ay yj i^i l (Sjj tsuy j I ij 40 b* <^_y jiy ^ 0 ^y^Jb 

bjo^Tyj ^ J ^ &^b ja jly^ jj>^ y ojb ijj* 

L5t^wJ jLaJ 1 j^l r 4 i£JJ J>h 4_? ^yj /-^ l£jj £ jb* aj w ro;[ *i£Jj bbl 

jl y y* t 5 bp'U^ji eaUi^l L ;L .a^yl^-i 4>T ^ lj [>> Jy h ,,w ^-d 

-zjf Uj Ij Ji (j*J J^jb y_ilb 
c^ij : i ls^L-* j£ty lsjj ji y^ ^y i j L£ioy* <t 5^ij (jUj jA ^y'j j^y 
tjyy( t*^) J& ^.y {jjUjj b JsMj j* ^ Jfcl Ja>- dL ^y 

t Ij J ta jf& \ o o o bf Lj iw-Jb I j Lf jlSb ! J dJ ,J>i^» jldj 

t j h uiaij jf n <s yy b ^yau bjb jy^i j! ji y~> 
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TkL-v*i ojl jj\ A?- Sjj^ jj j JU:; 1 ^ jk ;XiU £ mA 

o^A* J 5" ^*>_ L» 1j JL»JJ L* \ o J f tSl^ljwL iSjV* o J>51 jy f^Ua* -Y 

Jj ir jUJ^ j?i ,c—i oaa v j o-^i r x \ o~ r y/m oT 

a^lA/l 4>- jl^>- w>*Li tAAb ji jPy 

(_^jU ap£\} I 4 JLSSj I iss^ tib CaJ^ kOij tSlj* -A 

SjlA /1 ^ c?!&d£o If t^ol* -Sy^^y a^U^l £Jj a j * aj 6 fl °p 

jj ^jj aAA 4 ^j?oj3A_j! c-*J^ ,Jj'UA-i APlf i£jJ (3^®-? SjlAi! ^ ! j> ^ 

e R — y oUluI x>j^ Ji^ iJJy** J* ji^! A°° iS^« A ; ^^531 

.C«^l Jlalf 1 ia?^ JL* j# c*yj£> Aj*L 

\ L_i A—j b y <1 <+ ttr *$L* oy^* 

ijl aLh? Iia <j> I j\ j5n 7 jj f*jj j I tXjS* 

^ jl£f ^c*=^ tSlj# U 

0-^1 \jr~JA JL*Jj[~* j2> Aj i£j\^a j\y* jfJ tfibb d?j\y JUlji Ja>* iiiJj „\ o 

tfj ^ 1 ( 0 J 1 ) ->j l * JJ p* j* ^ ifA 45 " 

(j j-d okk lj ojl^ ti4j_ -Us^ I £_kl* ^Ja^i ^ f J J 

c^sjk iC^—S t^j’T U^?U jl oi jl"ft *5"Aao^* 

1 ^.1 j — ^ o o i -|— \ o o Jtoj L \ t A^aS^^[sv I y (Jjik j*j* 

A-5" Jul ^A>-y ,J^53 *ik Ajtlj *XJ wjUAjI 

j& J^ j* jt Js>- ^iJj J O-*4 4>ui-^ viU oJ J jA-J? ^*i 

iil_i Ja^3 I <_S^ J® *C-*—J ^JAS*jl jj j& 

&*LjJ tJ?3J l)j?-' -k JL* j-& Ji 1 J ojlAj l ^'—h'^) .ijA) 0A-A5"4^>-b 

,Ajjjl sIh— 1 

j™*/ j2> il^JA ^ "V V 



rrr O’IlXsc , J 1 , jT 


a-v 

.~ - T 


Y**\‘ 


A mm 



r~ l mm 


^ au 4 , i f jCi 

j ■*"' °J^cs^ ^ C^ 3 ^ A? ( \ F-f) jSi <_5 b ji^ Ju^ 
tC^S CwLi flili 0^ -k>- L ^ ^ tcjj ,\q J*«j b Jjv jj 

jj ^J=^ jj Ij £ max ^i'Uj ^aL 

Jsl-Aa- £ W*?) *,>b obj 31 ^ l-AS"_y* aLia/ yt) _ ^ y 

^Js IJ-3- jl I i if jl 1 ) J-> _$ 3 jb ^be3 ii ^5*0 T^L^f jl hA>- ! J (£ 

^k** L —1 [ 4^5^J^jS^^.aT >*A_/jf JL_?' 4Jb?l_j ^>0 jj jkoi' jX 

*^jb ajU-13 4 =^ y& L dl 31 -U-l j rf^S 3U;i ^ p' — ^ j x 
.A ^(^ J—^ X *ki + i£\j—> jl j\ »\ F 

^ ^taA*X>- 1 ~-j liX jl . .U^o 4*bl Hik j (iL ^1 jiT lr Ij 4*«*W* 



^ Y o_;Uji ij L«j» 4j X JU jJi ^ 






V = i * o v 



F= * 


0J1 ljJ**rft jj^*A**J L*hT ^ j Y ^i^Aj L- l_| *S^M*I jf | ^ j t £^IAmo| {£ Jf '■ ** l | t |t L^ 

.JLif 

cJ j jj^s jl j Ja> ( V?') JS^> £*; O j^ 4 - \ V 

^jSr 33 ojsla^i l # xl * jT jT J» jzeJj Too b Uo 

,JjJjl Ij ^t>-lj 4X«i aLmj ^ 

j~p 4^-i L** A—j i_^(p 1 ^|X*i isAP {£ ^ jj 4^*^ j? Uj' m ^ ^ 

-\~to <jLw (C^f ’ll 4*>-l y* L c^lj^i 





\d ff_jLe-l 4 J Ltafl 4j jr* If ^(3^^* 




rri iji’-we -bji&r y 


V \ _ __ ¥_ Y__ 

V ° = (T+ VM('+M r / A A) + O + VMO + *A / A A) 

_ __ E% _ 

^('+A r /Aj('+M\/Mr) 1 (' +A/M 0 + A A/ A A) 

(v ^ *-> E o (v) 

uy»^ J»_jh£ ^LjUv* jIjkCj ^1 wlc^l L_J -If- 

C-4 J O i_HJ Jfir l i S J 4 -**j [>t# . JLlS^ 4^r L*j*- (jjl^j 0 ^ 4 ] L~4 

.juT oliu-l t^U;Ui j\ j JUw 4*h! 

{ ^ J *S iU* J-^ai ^ ! O li u ^S“ 1 J ' JJjj J 1$^ J$ _ \ V 

jIj ^ „j!j5Cj oiUz**iS jljji Jl ( j^j TYlf 

j 1 daS/ J-L ji ^Ja^vj lii ^*3 !j jtJu* —j j~* L -H.j^ 3 " (Jil jh (^1*4/L>- 

y>t* J2 JLi jbdj Ji jyJ 3t c~*Jj a 5vi 

cJ j TY jrf S^» Lj I j *JuT c^Jk W,:/ j^r <0 1 { ^ y-£) jCt 

.JUO 4^1 JjI O J\ \? ^i^jj l> U 4^U-ta 

<S & Ji - \h 

Electrical Analogues, Brit . /* /!/?/>/, Phys, f voL 4, 1953, 
PP + 193-200 


V =loo V 



F= ° 
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1. Scarborough 




JsUi.JjSSJl ff£> 


<l<9u JJ_4> Ij t-OjlS) I Jj L_» tS^-J i --jU* I ^*“ J 

3 c?^-* *A«l'- r -»t« J j» J ->l J 

cJ ^ 4 ^ J w> ^1=' ->l J“l-> [_}l ! lj t5j—S j, j jjijj c-Jjjl^ll oj-=^> 

?jjb ^jU" A>- ^S,i JJ It Sjtj IT 


1. G. Liebmann 




Y 

^ y j v ( \*uf jj 


<£\j) aS I^j lw j! (S *f <J^ ^jy jl 

4—^ j* y\ CiUI JuU* cl JjS jl ji ailiul ij<jl-V <y<_$U4aA>' Oij/T 

c^ly ^y£j.A yA . J^b i*^3 V 4 j (_£Lgi~«5^ 

I j — j {£* ^ J b c—>«is^ iljU o V <^J-j &j J ob^>- j ^ U: j I Jj li 

jl j+* c£i ob ji 4— b Jh tdL ^tyr ^^ (jt ^ jib 0 Li*j b I j jbyj- 4^ t£J 

Ji 4_JiU« y| 4_jT J-^J^ Jfl/ 4 j J jiaZj I • p*-*^ C. -j L; c-~*J u*^C^ 

I j 4lJ) J5" pj i J_J i a5C)' 1 ^ Jj Li J C-*~>I <_£i Lj {£ 1 4 ) i [*a pb iwlw> ^ Ia4Jm* j 

.p>!oij5"j (_s^tr °J 3 yy dlj jl y I y\y>~ jijjl c-j 

jl <_}>■ Jf-5^ J piJJ 1 C-^-j ^^jSdljjMjAjiU/a^yj^pjloiUl j I 

* LS^-^ J 1 - J^ ^g-b-bni ^ jl? jl IJ 

jl ^y yl ^jb c-^ji c^U- jJ^Ij jjiaLl c_«! 

j^4f p^""( fc s' 4 (J —*“ i£^-AjJ 4*Ji y I L> | J ^l4JiU>s ^J9 J J iJJ 4ljj Jl^ 

y 5 Ji c-^l j > a ! j ^y! ( —y IJ 4.5 iU^ ^y*~ 5*^1 aS^c-^I 

4 J L*»<4 1—a aT J_*n<s ? Ji ^^*' 4 J I (_ 5 *^ b J (_y y^ i V 4j i U>> a£" I 

^1>cj‘I \S !j cs^i j^r^b 4i-i*b ji ^.y^i lj 

f^iy* 4±4/ (ii-i .p—->ji j^» J * jl JJ^2J J 4_J pJO^ 

(^1 J I jl jl jj J AaJj U 4j j] ij^a>s ji (_^ib J d->lp*>Usi| JJ 1 y 


1. Poisson 




4—^ ^*1-^ ( j^l—>■ J* 'J&kJLa L ^J> 1>j l>4j '_}>- ji ilSOjj oULlJI 

^ 3 V JUpI 

• pi A* i ^4 I j I^jj oV^Lm ^ ls>tj' I ^**j c3^ ^ k lH>" 

J oV^Ua \ .V 

o t ^ l>ti/4 o**l> ttL i£\ ji I ji _j ic-*^l jL a]^U^ o-^jjI 

ijj^jlS" 0 _^j' 1$ jl d-^1 iS-~> Ij £ 

v*£>=p © 

©*i _j*J 3 

D = eE Q 

jlol £ £k>! j 3 

E= -W © 

'.|«jjb i£jl-iS" U- jl j 

V-i> = V-(e£) = — V *(eVF) = P 


o'" y P-’ ! 




V-VF- - 


_i_ i 


Ji'^^L lj «*; V)) J*p ^ j C^**j I ^^yjaV^S, •AiV&* oLa aJ^U^ 

|»ft.9 oUi>» Ji .i_jji »iliX-j| Jj li a'jU.o Ij i li Ja*^j J ij> j,Si Ipfli oi.-iIit.“ Ji 

y.jb 

_ dA r dA. dA. 


V'A = —- + 


V • VF = • 


drr dy dz 

dV dV dV 
vr_ ^zT a *“ l " TjT as,+ ~d7 az 


0 / dF 


6V_\ 

d 

dF 

dsj 4 

dy \ 

dy 

dV 

aV 


' dy x ■* 

dz X 



<V- 1 ^ ^ J 


rr<\, a-uy j (V*if oV^U* 


Oi 1 J (>J o^j*t j>- J^ ^^ j) 3 is A \7^ ** V ♦ V 1 *V 

.i3^ 3j»- J (&) 3:> ^3^ V y J* y>r iSlfa^A <S I ^ 33^31> 


4pJ jl^ pJ ts C^\^j>xA 


¥ d x K d^V d x V p 

VV=—T+—^ + —^r= — — 
dx x ' ~ dz r e 


l£\*hjl> c^l&jb J -bib jO. jb ^ l5^>- jZ I f^*l i p” o jZ 1 

i^Zib 4 Zilj> ^^^3 Ji Jjlk-L/* Lu <jl 3 *^ 4 j jIj 3 3L 3 




^ ^ 0 ;j ; V V = ° ,(v) 

J/ ^*w^Aj V lj ^ 7 ^ (J A ^ .C—^l (J^^AjV 4.1^1*^ (jL*.A O 
iC-^t jiJ C->J4j ^V pj li Ji 

d x F d x F d x F 

V x p _ =—r + — r+ —r=° i(a) 

dx x ^dy x dz x lA -' 

Ja; IJ_> jl diLL Lj ol J -’0 l£^— J *1 J S3j —S^Cjl,au>»A V x V j 

^*>“1 j* (S \ j\ 3jIs3.*I c-aa-wXj oLai>t>» *)bJ a^oL^I^ j 

; U cu—I <_£jL^ is lb'IoU^ jj /.w^LY ^ 


VT = 


\ d / dP\ ^ /d x F\ d x F, . .. . , , ^-5 


r dr \ dr / r Idqir / dz 


31 L3>—* j 31*^ 4 (_£ 3*—<♦ L^2 *>c^ — )js 3 

62 ) 


v \ d ( dF\ \ d ( . a w\ ' d 'v 

^ r x dr \ <3r / "^r x sin 0 dd \ s ^ n dO j ^~r x sin. x 0 d<p x 

(jS 3 jZ O 









f XT 


Vj^ ib aL^j y ijJ=T J? U jlyy* b ^AbU* yj 

1 §J 1 b*bu AS^Lb^i y b i jL-j AlJ>i,>yj I jl .iy J& 1 J L$J I ciVl A^cl^-I 

J? ^u) 3 A; I j I4/1 (_ c,\ y>^A a£j I l> ib I j 

^y^ 5 *" ^ bs>- a 5 "" U- j& tjj>- IjO 0^1 ^ y± 3 > <_£^b (j^bhV Abb* 

li Uijy.^1! U 1 j 1 ^JS^ y aS" Jjsoy jLl/ <ju^I <jiL> jb 

Uli j'tflft ^.aL A*A Lg.# Uu* yj I zz o ol s\ y. ^ 3 3 ^ y I *Aa-* 1^0 b 

a^a <_£ly yjl iy-j L 1 w—J 63^ 1/jS” I^j I yLsts j-*** l 3 u LJb y i li* j 

yb'b V OJ—j ! J JI (P ~ o AS" Aj ^ ^y I -L* yn> AS" ^y l:>w I JI * \ 7 ^ J/ — o l^J I 

3 j —/15 j\ 3 ^~S“ yj 5 s*^ lj jl^^o-ib jIIsujI j! jJy A/j^Sb- i-US^y <zZyJ 

C-—/i si Lb* I « 3I2J" Jy A$^yi?L>- bl-A** 3^jZ !-bj L^ly y^Aj V 

4A0 !>-■&! 3 ->" ^Ao apo L>- j c^m\ ^jV oIJl* u^S - " I«-U> Sly S vijb^U^l aZ 

y^'>- S^jl Aj I J y^taV AbU* Jj L 

(j?! 3 b Vy** 3 b (^£i b J^»* <bL (^! JI i 1 iA>* iAj L -^-aiL. . 

I—i . . .J F o ^ y^jjl Ujy y 1 ^ I4L-; to A_^ lj jj>° 

lj - 1 —>■ Xi>\j 3 > —jI*) |»js ^ j)a.^ jjj! .C-^ 1 aJi-i* 6 ^b Jl,U 

j 5 sO I 3J S 3^>~3 Aj J -^3 Ji 1 j> L y Af C$1 a] L* ^3J- 

ji {jr.T J* \—- 3 > 3^>^ 0 iS 3 J _E (jr^ 1 =*- _^oUj 5 Aj (SJj* 1 ^Jj b* 

E 3 V { ji-^^- 4 

I3J A-b^ l— j a!jU« j\ a 50 j i jl ^JJ 

I ^*** j-' 3 3 *V aJ i U* 3-i b v —j 1 3 ~^~ J aS" 3 Iz^j ^»*j Li ^ *A^.* 1 

I 1A—I Lj> A^ ^_3t *^ j ~ i ^ 3 • > ~ 6“^ a 5 *** i. ' -. >• 13 L 3 ^■^-J t. “-«-*• I a! l—* ^y^Kro.* 4>- i Jv»S^ 

■ pr **"ji ‘— f ^^ e/a 3 >" 33 A> J ^ : :S^ Jp- cjcd;^ ^JJ L Abu* J> 5 >- jl 

«-b Ij 1 —>1 j>- 3$ j& aS^^ b j>- j I.!/ 

^ • Y 

^ ^_jai I ^ :a; L y ijj^? a 5 -Uj» j.o /1 j L I X 3 S~ij^xt 

V — Crdqp ((S3 J>) (>—>) ‘ V ~ Cropz (lS1a;1j:^i) (<^) i V — Cxyz 

. Aj ; A; t A^j I I^j 1 j>~ 

is?. 4^3 r.y 

yj Ijj Ji y> A^ Al^li J J/^ AbU» <^1 y ^y* ^y> j 

yj! y b ,-Aj bi \a1^ I i j 3 >s Oi j I 3 ^>P 





V r F n = o 


J 


V% = ° 

oT j! if 

V r (F,-F x ) = o 

Lj jS" f J c«-U«Mj L?J Li? J-J wb*- Jsj* I t 11 J>- j| dl> 

<jt ^ ^ F t Jl^ 3 V\b LS^- LrJ J* V\ c p:^Lj y b Ij * J3 dJU^ a^b 

^ jUji^ 4 y Xb ^ jjA 


V, b =v, b = v b 

l 

r»-v xb =o 

diUl—l jij (£j\$jJ ^Uj| j! 1 Ji 

V-(Fi>)=F(V-£)+Z>-(VF) 

(_$!^j .C-*^1 Z) x< L» c£jb^ j F x? L (1x^1^ <_£laJbjb^ ^a ,j a5^ 
^—* 0 V(F^ l£~t) ajIjj ol J+& A-j lj F^ — Fy ^ 1 

*o£b J |V-^ I jbjj j! 

V-[(F,-F,) V(F,-F t )] 


=(^-f x )[v-?(f x -f t )] + v(f x -f x )*v(f x -f x ) 

(J* J|j5Lj I O I &X» L yZ>z^ \SJj A ^ jla^ J,S J ^.>*>- (SjJji 4-f 

J V-[(V,-Vi)V(V,-V,)]dv Q, 

= f (rs-v<')[v-v(^-Vi)]dt>+ f [v(v s -v,)fdu 


JI^SoIaj j!^51^1 ^jI 4 : X* xL5% 

jjI .j*^rjja : ; ic^-l lj p>*>- <*:-? 

at'ji^. J V sb —V xb J Xi Ji tffjkjj* j! cJjL 





^tuUjjsoi yyY 


L 


V-[(V s -V,)V(V,-V,)]dv 


U V'V(K^ -K t ) cijl ^ \ ^ 4 .Lzj ! J C—«i J (J ji (Jl jS^ J 1 ^J>» I _^«P JI 

J-J jl Jt^1 J_j b j C—'I jS+j3 i£3{~*a O^j* A -^ V T (P\ — Vy) 


yL^3 <-b L jz } <Jl d-k U-5 ij s_-.--> Ji (3-“^ 


y^ j.y 


f [v(v s -v,)Tdv=o 

J 

jl j oj Ip a^jI ^$\j <4jJp Aj JI ^5o’ I tflj jl •!&* V 

^>- \ j — i jj c-oLp jjj I a5o I j.Sv^j> j -L^L l^- a^.a (JI^Swl c1~*^Ap 

.X ^Ij tLb JI J> I AS^^jjia; ^ila^Svo c£^j1j J 

^ c— : ; [V(F\ — F t )] V ^3 JO- 1 -? O^U Jjl cJp Jbli 0> cJ ^ J4 

jl 


[v(f n -f x ) x ] = ° 


J 


V(F s -F,) = o 

V s — V X <y.\ "I l>- J/ N — V x O^' J? dj>- 4 6 

t j;r J~,*! ^J ^ ^ *A J 1 

v s -v r = ^u 

i J $>- J-—{ 4—j iC-*-* 1 ! lJ-j Ij jjI /I Jl*. 

4j 1—>> a JO J j* L$-} J \j L^aLai* jlSo I <_£l ji .^j_Io^^c-j1j Ij y*>y a]-U^ 

4_S"joJ-aIO* ; p 7 ^—p^rrp 7 *^— V\b — 0 * pi \$ A J^ j J2 

oJi/a l i—>1 j>- j$ jjij I jl .^**>1 ^y’j* JO 

V, = V r 

j> I I^—>3 cj— I 04 Us j—j ii^Uva —i ^i j —>- is;, lu^i 

v x (F N -F r )=° JJoJU ju;L. vV x = -P/e->vV^= -p/e 

O^5 oi l>- A; Ll/» J*/ Aj Is>x‘j I JI Aj lw> C->Ul J p 7 *^ — — o jii c^JI j-^ 1 



f ff j oyiU* 


Ol y>- ^Svj" lS\J 4^v2i 0-»ljtl i—> 1 j>>- IS^j 4~^S y (jt^l 

hj 1 y> J3 ij**} I j —j J V 4.] i U/» <y\ j>- Ji J> I j) 4.5^J I y_ I 4; U ^k/ 

IJ l > ^kl>- (£?.3 4-,) IjI^ pjfc L Ij I^j I j1 y 4j _^5v>- Juih ckU^ L^-b>-l J (_£j 

4_J,iL^ I y 4_3^ J ^“ Lr (_5 /9 O_4-° I 

<^|l—4 4 J £JLS^(JM*3 <jJ^i & 3 I 3 Jb- J3 aS' Lj ^J^Ijm 1; 

.3JJ 1 0^<-b ^yjUla <y\ j>“ (J 1 (j^JJ k 3 C-»^l ^j>- AZ*+»Jt> 

r-v o?.>‘ 

o^‘ f t = cos h~ N [r/ Y + \ /(Yr)] j T^-ln ^ 

3 f — \ J^> V — 0 (S3j A bj\j£> J S^aJ\jXj\ oLaX>^ 03 J3 OI j) cih J* 4S^JL^O 
?*AlJiJ>- J3 b ! . XS'y> O^W> l / ,s Aj^:U Jj ^ — Y ji )/ rr o Of' <\ Y 

oLjI :^ fj>- 


V 4 taU* J^> 31 JIju ao> f*y 

^00 3 y» (J^*>Ij V 4 j^L »4 4 $" 4 Jy» Ju -0 I^O <_£l 

U J 0^1 4 ]^ U* J I (_£j-5" J 1 j5sij I 4 j>.A J | y O J ^ UdJj Aj I j\ 

4_JflJb>i:^ oL (S ^4 A Ji Jlto ^>- J_>- <s\y. ^ jl Jjl>sj I 

o^Lc^l ^yjj jl yj&-+ 4 —1 L*« iiX c^l j—i ^.y j->* 

31 tiV"f A_S(.yj tSjS>iS <S^JJ Oj— y>* 

.JjloXi lJ iw 3 jJ 3 ^ (jl^ ok^ J-i Ij^i ji Ca 1 j J 

t_j ^i.)) Jj L** jj L^j 1 <Sj£ JI jSo* I ^ 3^0 

J^fl9 U 45^ l>t» 1 JI t Q.i^ ! 0 ^ I ll C^jA S 4**j JI l-J is49 — / bi v l^J I 

\ Oj L A— ^X^iy Jtej 4 —f yy>- Ll^-v^i I O [^zX-za & 15C-0 4^ jl 

J;r ^ jyo X ^—i 4 —^ L *& S^^y (jU-jI ^J> 3 J?~ lo 4 ] L,» 

4> 4i Lw# oX \s>-y^ j ^jl-lij ^ jlij X!^^a j*J* 3 y Ij 3aai 4^ul JL^l A> l^l^l 

Ij 4 J Lw» ^ jl> L !>1^p c«, y y ^yX .3jj^ 5 yry. <y *^i 

4 1 LuA J2 J {^\aI\ j:^\ oL a.Z>zA J3 4„i i^!i oL^Xi^ Ji t2jS^Ju^- 

. 3 J> J>- 1 j 4 ] Lwi ^I 1 —* .{S 3 J ?o 


\ Jl^c 

-k> \j3i 4_> 4S^^ ISC* t IaJju 3 3Ja L ^ ^ ^ -k^S 4^^3 



1 fff 


P*a1 J>- ^ J 51 " ^ L5^“ ^ L"* ^Jj'l *! £->^J 

Aj ^r-tAj ^ a! i L 4 O J J<u2^, I Ji 


OjF 

dx x 


ii : “'" C5'-^ <-5^"^ X ' ‘- 1 O l ^J -_>?0 aJL^. Ji z ) y jj>- J Ji -V 


4j^Ai j\ J ^ ja*a 


d x V 


“b I^a 1 _j=- Cx^J* V s 3- 4 


dV 

dx 


-A 


V = Ax 4- B (TJ 

VV J- W, j i i i 4 Jil** fc£L <_£lj,j ^ r j ^L/L* , i_j ^ j j I j-i aS^ 

L_j ji y IJ 1-^ It I .O—'l C-»f 1—* Ji c£i jli ) 4j^U> jLialj' i ^»Ji 

OJjl d>- IzjI jJj 

pJ I y ^ l —a IJ Jaj I I p; J l£j b.\j tj iaj l A>* p-yj <J L- 

Li J ; ~j fcj 4S^ aJ jl ^y> y <_£L^~^ A; y L./j gj& jy* o_j>- p^ yLo I 

L 0^^ y_\ J Owl —{ y» {JjS' I ■ C 1 '.XS' ( y> j~x> X 

4 i 1 j oi olyL* I pj t<usli ! j 4 ] 1 **./“ < j 1 _*:>■ Vl^>-1 L yyo .p Z L; p—^ 

o jjT jii csl^J 

^y ?5 z 3 y ->\ is**^ 3 xf L ^ j+y x 1j Js** jlx^ A^^fL>t/l jl 

oj It 1_ ) J.y L pA ^yL i oj Lp 4 _j j oj I—j V Li ^ 1^ { —~t ^ x 

1 *-j y jjj ^ . j.j I x J y^y. ^ j-*& y 1?*^^ ^ y_ I j jjj ^ 

A^rjx^ ji L ^j2.>i.Xjl 1_ j j 1 4>ci^ j jl>* 6 1 a> o 1 -^ 1 

lj i^->- lj Jl^i^'i <^1^ It 

V = V r ‘ x = x r J* l V = F^ ‘ x = X\ ->* u* J 3 } <y ->jA 

L 1 " ^ b (0 ^J -) 3 jt ^^ (3^^ ^4> L .-Ui»L 

V s = Ax s + B Vi = Ax x + B 





V\-V x 




V s (% — xj — V^(x — x s ) 


j? I I C~-*Aj l^/oaU cyl y>- jl yaal-* (ijy J^j I yi L^j 1 >iIj I L 

I Ji <■ j«aL x = d j*V = V o 3 x— ° jiV — ° ^ 


5= o 


r e a; 


lj 4_$ji j^U^ ^4 C;S jk ^ Jji ^' k> ~ 

^^4 B J A ^ 4 lj ( ^ ) 4k> 1j J pj laJS^Tj*- IJ V ^ 2 l*A U . ^***7 

^j>- U c5j!5"4JT (j*> J ^ 4 J ^ '-> 4^ L Ij 1 . pJ I 1 

L lj .>yA jir pJl y^y 1 j pjJJ~ c^—Ui !j ^i d ^4 pijU/ 

c^-A (Sj c-y^k .^y5"oL*/ IJ c5j^>- ^r4i ^ 4 4^ 1^1 2? J 

^wjVila O^^laLN p —J Iy ^y> <—y y 4 _j J b O^—i £ 7 jl>- L 

(5J y iy^ y-y J y 5" <— > \>CJ I 0^-1 (SJj* iai lyi jl ^gSv c4U» 45" IJ J/ 

<yLA ,j-il J y^i ; 5*y Ai5"cLL 5" Aj.iU.a 4—? ■**-& jl yy A.*ujy Jo.) Aj 4-_5" IJ 
Jl ! j J~*jUj O j4?-1 .JL5 y>»J» ^Y / ) ^ki I j 4j 45" o-^l c5J y lyi 4P y*.^ y*j ^ 

j5sj i 4?n4va jl jlj yz*^? lj 4:*ei^ iAk ^Jyf 1 *j 4$" i_.J y yJj J/ J * Aik 

4^ /jr; = o J 5 V — ° J U IJ uUi^) ^yj ^V Q ^ 

yb ^J5"jb j^ 7 c5^y Jy*-^ (v / ) ^kflj jl oiUi-xl L 

1J 4$ Lw> yj 1 I 4 5 (5 JJ i ^4 4j ^ jV . JJ 1 C-^iAj (J CjUuLs ji 

jjjj^ j!5"jIj i y^ j pO^^yUtlj I j ^Jj-^ 3 ^kaj I j jIj 4j V j>\j>- £ Ju^25 

^jV jl5"t^l7 oAy -iy oAA jL jl » l^j’lAy ^Uj jy>- Oy/ ^IxJL* 

.c—**l oAA ^"o L»j) _^5\^a 4 ! iw» .iji JL«; b 1 y^*r 

:Jjlyj yj y 4 j C^JJ y> I i J t>«I/ I j! Jju ^ jV \^l.Ajl5" 





XT? 


■^is‘ E ir-i*' E = - w jl i V Cr^ l - ■ \ V 

. p> j jT ^ \j D l D — eE 3! oiU:^l L . y 

D — D s — D n a n <^ ojU^ oUJ** j\ dLji lj 2) -V 

P, = A. *T .f 

C-^Aj OJI^ A>*i<*a l£JJ Jl j50j‘ I L bg . £ 


Q= P.dS 


x 

v = V o — 
0 d 


s= ”'7*' 


Z),= i> =-.yi. 


A.= -e-j=p s 

r -ev VS 

nr dS =-‘dr 


-yjJ- 


l> C*-*^ I c£jlw> 0^3 Sjl-b’t t_ -j _y ^y-b J 

-~ " 1 

0 eS 

C-— - 

V d 

o 

•(*r^L5 / * jl Vy -^*- j;3 li* Ji 


r JIju 


JuiS"^ pfU oLa*>^ 2 L-i y -^3 Lgi t a_ 5^^ l^»1 jy *JLu* aS" i>j I jl 




ffY cr'^iV J o-* 1 


.siUl^I <^£ I Aj I^I«*i I OU<al>s^ Jt {Jj>Xaj \S\* a {£ \ j> ; JIj jl<A j V tj a] iw^ b ^ J* 

iaj* a_ 5^Ij l*L>a JJ^I jl Ojl<X' J; 1 * ^LaI^/4 ^jl ji 2 ^ 

: Jl> I Ji j OJAj V AiiL C-J 1 >lIj ! ji .^j 1 ^ jlaT Ji ^ 1 7* £_j Ij 

\ d ( dV 


r dr \ dr 


\ d ( dV 


r dr \ dr 

jjl lt\ -? ^ ^3-i^- *yt" J>- jl 1 j r — o j* r *t ^y Lj 

4pi j~> lz* Jl ji^/l /■ 

dV 

r ~r — A 
dr 

tc^juli ^*1 j^. ^3 JI ^5o‘ I j ji L 

F = ^llnr + 5 (f) 

j JJ! Aj i I .-Lj I -A_> /* — C-^ i* ji I i j I y L *$" b ^ 

c-3^bl>-1 A>u U>> ,j ^>*a (J lil> I Ja>- L _J OJ l 3 ^ t »i-b a) L~/» j I o—~| J Lp a! Lw* 

i/'z=6 Ji : o = Ji (/’z: ^o b Alib l l-j [>CJ \ y I j Ju*J b> 

b^> a 



l*yT jl i 


£ = 




r In {b/a) ^ 
eV Q 

Dn( - r = a) ~ a In {b/a) 

eV„ '(•naL 
Q— a In (b/a) 





rrA 


ItteL 

C ~ln(b/a) 


Ojb O^J Ha>» £ Ja^ 29 Ji flJUl 4=>ul>‘ l 4S^ 


r ju* 

IwCj! y -Lib <p 31 b -kiii J/ a 5^ ^ j^5” 1 

L_j Lj p^—A - 11 bzA"*& 4—S"* 0—lA Li,** j—f I _) ( ^Svj ‘>—->3 dj L**,,* 

oj Ijp o*.--1 c£j__.<« 3aj I ^_i .*A/1 l**i l>c4w£? 4—JU ) aJLi oib ^<p — c-j b 4, ^ 

oT J-v2i> 4.5"^^ jJ iJ I**.-* 4 j j (p = a F — F o 3 (p = o f/ = o 31 

_^xL* ^*^1 oJ-*i aib <jbij \ -V 

:3! c-^-l ojLs- o-l U- I ji 

\ * X V_ 

d<p T ~ ° 


«b -j&l 


J |»; 


;r 


LS 


1 j r~ o U 


d'V 

v = 0 


F = /4<p + £ 


*b 


Uxj I JI 4S" 


. JJ j*i^« n£jy* lz)Jj£ jl oUw>1 \* B J A 



r- 


(d) 


i c-^-l ij ^5 vj 1 oi-u* y^ij j l^ il>t> b 


17_ 

V^v 

Jl — - 

oir 


i—i ^23 b" ^<p jl 4/ j c-^l /* jl l* J? 4_^c^.->»! 4>y t_J l>- J 

4-^- jo Jo b C->J ^ J ^jlj,/ £ JO j|J^4 4 j jl*fi2>j1 4 4*3 jl ,^^9 

.0-^1 <p jl t> £ <jl 4$^C^ib 






m 



lUj .(X ^1*:>-I.s \3^J Lj ^iX^caIj ^cU_i a&c. k*£>J$ \ *V 

<jj<u I ^.ivw} oUi>^ jo V 4 } i L*-* ^>1 o^U-i—l L lii ul ^j>! ^ y zzz o 

. Oo 1 ^A 


£7 C.—-1 ^pUju A>03v^ (j{ I C--5 ^—U Jl-» l-i A— ^S l^J L*a Ju^a.3 O Vj L Ji 


flJU 


f JUo 

JjJll tjl^t* I 4 /T JJ> A$"lj tlSJj}^ 3 p->jb jt^ (S3£ 0 l^au^ Aj u>3"i 

{/ =Z K(V) ^ Jjl J j*J - J ^^ L 5' 4 VI; j J>- <C—* I <jp jl ^ \j JaA$ 

^>1^/ ^Ja—/ tj jl J->* LI p— (S^{ aJ Un-* l£Ij—; ij oIj j>- 

:c^>1 ^ 


v=v o 


\ fr— \/b 

\ /a— \ /b 


(*) 


b ^> a 11* — a j* V = V o 4 r = b •>* V ~ 0 jl ^jL p cS j^* I^ jT aS' 

C—*1 o-LS» ,y^ (c£^SwO if* 3 ) C-~9 jA a J> 3* a) L*a jl OwjU 3 






oS3| ff 


fire 

C~ \ /a— \ /b 

& JUa 

jst 3 ^.3$"^ V — V (^) 4j Jaai Ij Jw'to £j\ j*Jv j_S_5j!f C->Lj£»>."» Ji 

cC~ib 


r T sin 9 d$ 



dV \ 

~dd' 


o 


ib »-A>l j£- 77 L 9 — O Jr— 0 UijS"i-j-U- lj 


r 

z> 

Sitlt/-77T —^ 


J0 


L ^j J {£3 t-~* ^J2 JI Jbj I 


rAdd 

v= / -^— 7 , + fi 

J sin u 


(^->j>- AlaiU- <iJ-i t) JIjSuj'I jl oiU:-»l U .c— -j VL< ijl_*» aj aS^ 

• 1 " ^ 13 AI 


V — ^4 ln(tan d'j-^-B 

V— O aS'Ij ^U- r-v -^~«> Jsj^ £_j>k- Jw'b ^ £_Ja- 

.a S'y-* c^\ i a <^tt/ x t 9 = a V = V o .) ‘ 9 = 7T/ x js 

40--ib J>- j (ji-V 


(V) 


L3l5sd dli -U^ j l ^1J c5^l* dl ^ L*a*L> 6^ c5l jj 

t^^Ub 4>ci*^3 t> c—-! dJ(d I Ji>- <J I J(^Us>c/L^ ji jjjl> j[^J 



In (tan y/rj) 
~ ° In (tan \/t«) 






ff \ j oVii** 



ol'V' V — o j* 0 = 77 / Y *- -»■» • « ■? F 0 j- 5 6 — 0. —! r*Y 

f = F o [ In (tan n /y #)]/ [ In (tan Vi a )] a 1=_I -—, j~jb 


\ dV 

£=-W=- V -^a 


V. 

r sin# In (tan Y\°0 ° B 

O-*"! cS_jL~« -t>JJI j lS\»- 


-fiF 

___ o _ 

^ s— r sin a In (tan n /t a ) 

L 2Jjhl^ *■ ji\y. JOI ji j 


Q= 


-eV 


sin a In (tan 


f°° f u r sin a 
S / T a) J 0 J o r 


J<p Jr 


A_S" I ^ jV l J I J i j*y ,A —J jl Cj I-Fj j! JuU aL Aj Alau I j I 

i J.J I |^*l_C>- C-*"-Aj '—-J jj J; *0 I J>- .|>J jj ij-kn iUj I l» Jlpi Jk.» 

i j>^‘ 4—S'iL~*l 6 = a cSj jP <S3-> 3l (Jw’b pA A»ri^ I_y_ j oJ aI^ 
aJ Uv» _^>v* j to j»a ^ ^ i=" Ji ‘c-— 1 1 y CO t* r — ° jl _r^“ 



fff 


i£3 cJ l—>■ ^! ji <ul.il Y — Y \ ^JU 1— j Y— o 31 Jaiis U 

1 

^ Y7T£r v 

^ In (cot '/t °0 

AlT tl?J^>o4 Aj U C^.-5 ji? Oj l tpjjjl C^jJj l£^"J jJO 1 —'I J.^ I 

p_oj 1 1 j j.<2^? J_;b 4 j ic*^ I ^ aj u?b^> b ^iL 

Aalau>» C^>-l j’S^i_ jJ> j ^! A^J- l>- (_$l^,j)JL/> J I L^jlji .^a^AsU^I Vl ? * >1 y>- Aj J 

.ii ^jA ^lv?l t&LZ^I 1 0^1 Jh&j*9 

r-y o?^ J * 

(Jlj :Jjjjl c^wb c^l^/lJ^ (JilIj* Ji ( \ ^ \ ) aIaa/ ji Ij 2s fljl-b'l 

F = ° j/- — oj&m->^F~ ^ o o V —ft j j>*J 4_; I jlj^ 

ji J/ — 0 j <p = 77 / Y K = ^ o o V c£^—ft a>c3^ ja (c_j) — Vm 

j^ F ~ o Jr = o^Am F = \ 00 V <J*\* jT^JI-UuU S^ji (^) . <p = o 
F — o J Q = X* o°J3j/ = \ o o V O j^-d 1 U Ji ( l1j ) ^ ~ Ym. 

• 0 = f O 0 Ji 

J=-Jf ^ ^Y->\ J YYJY J fA->o j MJO :l^lj>- 

j-> jl ^lu f ,y 

ib jtij (j I iJXsS’ Ij <j~*\ ^j aFL* a-FoL* a] L** d> * _>L^;; I 

__Jp l J-aP Ji ^Jlj JA .C~»1 oJ-i cs^ 5 *" - 5 '* {J C^j Ij 

^_a> JA c1a^>*Aj O I ajl—j Ji Ip^Ual aFC—^I ~a.FjF& I 

Oj,ij { J^w llj {SJj* ji5 i^9 A>-} ^ J I Ij C->**l A-Uj I aS^<_£|a) lw» 

ij j—oU* ^ I J5 i—J l5s>- J _^£J I <j|J^ 

Ij jlijL w»l^jlj a_5^IaIsj ij j d^,j=r aJ^Ijw j 1 jj ‘diUi 

Jjj I A^A J Jr ISC IJ jtj a) ^ Ij ^ (j-^ J i£ J j-^» aI Ji U^» -Uj* L» 4 JU5" ^ (J Lj 

^jI: 5" ^j, 1 1 J>J-L>- jl (S jl J ^ ijT 3 ^ • p—J^- <j ^ J-^ft J IJ Ap 

.0*^1 oJui' o^b a) L-^> ji a 5^ ^ I jl j c--! ^jl>- 


1. Lorentz 



Xf'T u*yy j 


AS^^la p.j £JL» tll> A^ : j J} lj pn Jj j^J djj ijll* jlj^ Aj 

^ <C° ‘J^j 7 Jij^ jl ^^i_B A l/>) ‘f-jSJ* ->* J x Jj>* A 

j*j* j >yy 6l j+* j n jl x^> ° ^ P tL^ 

iAj j*j Sjtj j± j jl ls ^2a> Uj* J 4 d <jjl~» 

c-^ij I 4 7 J I j v_->- j^ L&ayj>* ^'jjil l-C) I 45"^ 

<j1wL^ <^JLi aSvIj! l_7 Jj’ i_r^i j : j Ji ^ j* ^ j-A jly j> 

(S^ j—* Lfjt \ j* b . JJ5" <JjdJ Aj 6 4. A—,rX 1 ij»*ji L5^i ^ 

Ji I j I JL» L iC^il J 4j <l£ l kfiC-^_^p- jl l£ jk- 

4_,jV .(-1—^1 ^gA> I Ji ]? * ^.xj £«Xi l—J A >-y~* < *>“ O-w 4j 6/ j*j ^ I J*~ 

JZ { jA 1>- jl di —j J C-^lj Jj> C~w> J Ij udJ_j 1 jy>- ^J^J 

l-i> c.,.^1 j lA jV a5"^/a>- y Jj tj .o-^1 JJ j*j J>t>« >- 

l^>’jjiSO I 4_J wUlei^5"jJ j J>t* jl a5"^Iaajj»- cc-^I 

aJ) ^i^-d ^d -2 l AjV t j^ k ^P 4j j .^b'loJL^ ^jl>- 1 ^» i jl 

,C*^‘ Jj‘ j-j i^t^y ^ u> A ^‘ :>m lJ ^r ^ 7 ^r 7 (jil Aj .c ^.^1 

(jL> k _ sj ^ JjJa-# J^ljj L 61 J 7 ^* 4 ^ 

ij\ jLp JsJj I JJ I I jl 

X X 

p = Yp sech—tanh— (\) 

a a 

L_j 61 b p 5 J 1j ^ -c—1 ojAA ^ Pmax“ P 0 6blO^ 4j^ a-^ 

A>* JJ -Aj Ij J ^jji) (S\ J —> i jP^ JJ J* J fld/jii b 7 ^g^d J 

.Jj!d-l-i> IJ^- t>j&>- b JJ I ^d o*-Xj^j jj J ^ I 4 7 jd I a 5" ^jjl 4i 

y 6i“^ J (cr^ ^) 

P 0 ^eN a = eN d 

ls* lK b ^1 aJ^U-* I 



^/V 








J oV^Uo 


j[JL L oji-b* Sy >-3 <l)Tji z 3 y y-+~*~j) 3 i£ 3x i L~« <iJj ^yj 

C <_! I 1 

dF Xp a x 

" e> _ 1 


J# e 


sech — = C\ 


CL--J Jj IJ I j 1J^ OJCi> 


Yp a , x 

E x — — -sech — — C\ 


4j -^S^ A ^ -il 33^ aS^^ ^ry C^ Jl ^5\^> I ci-j l* j^j^T IJU j4 j 

^ —> +oo ^ ^ A^b ^^>-j juI y i^+j 0 ;!a^ j L>- jb J LsC>- 


Cv 


■*? y (ji^f .-^ 0 L* jA^> C-*-*' 4j Ij 2? 


Yp o fl a? 

E x ~ — -— sech — 

£ £ 


¥pa^ 

V = —— tan’ v e* /fl + C v 

£ x 


c.i<A>L^ j_£JI j5w I b 


g a ! ^27- O £ , -b_d*£ .3^ 0 I ^>xJ ,i _) \j jA*+3 L>; I «A^ 

fpa^7r 


£ f 


tan N e x 


l-W* 0 *>j ls^~ ^ oI-X j_« ^ y j y r*v 

(r)j(v)j(\) J* Ijj 

O^L>-lj ^yb ^ b* j| ££ L aI^pIs j| JIaj 

^ ‘■^i ^ d-**^ *A^ <-b ( ^0 -31 <-b y^i F cJ^ 4 ^ t-j 

V7rp o a Y 


0 -b*^ vib i^J^jb *-/! j” ^ JsL^-1 CrrT ^ lj y_\ jl 



f Xf? 


Ij JJ ^9 (f) 4isjlj jj fl^Ur^l L alSj'T J piJjT d-*0 Aj 

i l c-**> I ^ j Iwj 

/ /^ 

Yp o sech — tanh— dx — VpaS 

I y (>f) aLj I j jl d^Uwl L_j .c—-»1 ^ Solji 4_jf 

tj 3 U^ 4 jf J Ij 3 IJ <3 11^= U _/*!_> L 


>=«/■ 


TP .eP. 

77 


(a) 


-*-5 ^.iS -'•■ I—j to*-1 jl Ij ^JS"* jIj a S' 1 jl 

AS'pJjli J& lA*J J I _U 4i ^Joj" jl . ^r~'^ 

dQ dV 
I — — r~ = C 


C 


' dt 

,dQ_ 
' dV 


dt 


ud *i 3 


i^iJJ I C-^Aj IJ o» ; 3 ^ ) 4-iai I J J 1 ^j~-3 jS' l> I jj Ia 

c=/ 


p e eS 

j_ o ^ _ __ 

T 77 F “ Y 7 ra 


(*) 


^ L 


^ 4-ij J b (_^ lw> ^ 


j j]ai c-„,3 J& aS" 4 I 2 J Ij lJjI J$v-> 

oV aJL^U ajl-Aj‘1 oLj& 4_j ^A»i* l_ i jl V 1/ jlllj ojljjl^A ^Ju jlxjj 

I jl ^ J^L£ a y^A Jh jlU5> (jL»^ Aj j Jj ^•L5' 4 ij-^J j*l Jl^jb 

A>*a* 2> Ij 4 j j«j p-b I y y* b <jlAJ AS"!;>- J&> 

jIj 4_S^ I Ay- Ij ^Uj| 4j A>- y L Azyy I .C--** 1 I Y77^2 jl oi^V Al^?li 4!f\jW j^5" 

^ jaIa (jl J,i 

j15\j Jbi>U o'j-^ l 5- 4 ^ => “ (jJ a5^^ I a! Lu^^a J.5 A^l*» 

(„^l J — i (j I jl JyLy y iJ l5^La jJ 

llj .i J J Aj (_$J J #.^A>- <^IaaJ j} ajl Ji l^j (^1^4 i m Ja> 

-0^1 iSjjjtJ* ^ y_ I f^» IJ ^y** 3 



rfv 


f.v 

^ atoms/m r ^ jt* Aj* a^‘ji-4 j 1 y aT*l £"^j 

fjj \>- J& j \ y <jT (J 0 jA-i f Ju-Jb j 

. Jlj J J I C—Jb IJ <J I ^ b-i b JJ-ta ^ 4$"” 1 4 ( L -^ ^ ) '‘■^ 4 ^ pF O I 

.jutijlj ij JJ ^Svj^zSv) 1 ol<-4^ o-^> (u-j) 

Yj?o MV/m mm 

A-V 

F(a?) *^4 x— — \mm ^ F= — oj&\l 3 x~ \ mm j:>F = °j&V ^ 

:Jl^jjI c^»JLj _^j ii I^Ijl tj 

p = \ o~'° sin \ ° r vnr C/m r (v) ^ p = \ o_XQ C/m r (cJJl) 

-? — (\o“ N °^r x ~\o r e # — \ °~ N? )/ Ye o :4Pj>- 

^ooa: + [(sin \ ° r{ 7Tx)/(\ o N ^77 t e o )] V 

^ j^3JL^jI> cfj £.y 

4-^ J j 4ijj db jl 4j 4$^ jA Id (^L^J l_da AJ ' J> j I [j U I 

O4j)j! ^jI$ O lt^2l>c^ <2 l5bdO J4 U c£tg3 4;>-^b .JU jl^ ^^Cuuui C*i\« 2 u>TA 4iJ JA 

3 l ^ I I t* ^ _J »d-^-*** 1 1 1 Ifl j rJ ^ *N j ^5 k_^* 1-, ^ ^ ^c-£ A 4 —^ JJ 3 <r Jjj 

J^ Ip ^a> 4-> £-f I^ *d»Jj*^2; I^aIS wo JL~i Id <j;L$jIjLa \j_j ^ ^ Lr>-1 
jj?\>- Jl>-j^ Uj j-£> J.---1 J {J, 5 ^(£la j J ^_J I jJ J1 j U 
J tl)_j*9 ^—j ^-> b^ii | O ^ j j pj j I Ju Jj wl>- li j i i£ I Ai^>lf- 

■ 0-^1 jTU AZ-wji v :53f 01^ 

AS^jS'^ £.» c^J y I 4 j ^ ^ j^‘ Ji I j Jf L^ o_)Jt 

:aS ^(_^j wLiU y 3 x £-t ^ J*—» 

aV 

d?' + d^ 

^ bj^ oj_ a^j I j J*-*/ bj 4^*"^ I 

4j Oi^l (Jj)l 4.iftJ Ji <jbj fcA-i L y l7 Jajj3 (SJ^l5 3 X ^ 

Lji V — X-\- y ^ I 0 jl4/ I jl 41 Jju ^.j>-J £_/ U ( J^>^9 jji I 4S^ 

4li^ 4j>-^7 C^j l/^ Ul .ijj JIaI y £j IT dL J ^ j b jl ^ 



Uju J ' f PA 


j 1 < j! y>- OJL ^ \ j>- J5 j& ^ j^>za j I l$ I Ai U>» V 4b L* 4__S^ 

v, = yiv, — x ^ ^ ^ j>-3^ ^j*z*~* bV — x + y j*^‘ Iy ^ ^ oa) jY- 

► C--a*j 1 ^ l>- i —j 1 OJj b> I JI ^ 1 JS* j& jt-J I Jb 

tc-wili ^aI ^>- y* t lj y b“ j X If 1 j 37 Ij J> I 

K = AT (r) 

c^-ib pJ&)j>- ^so j\J ( \) aUj lj ! j jl j> 1 aS" 




a x y 

y-^=o 

*y 


<-$Js J _MJV> Ol jl S : \£ A tC ^ Y 3? £-f L> y J y £-j U ^ aSvjI 4j ^Ijy 

(r) 


<rr 

Y dx' + X ~dy' ~ 


j—j b 1 £5 Ia -JCa 1 o>- ji> ji j 1 /^ u (r) 

‘Y<> at 

^ d'X \ <FY 
YdY + Ydy^^ ° 


\ \ ^ x y 




,X — 


7 dy' 


^ U*^> I j\ jjb ^l~X>-I i^cY 3 40 a# I^aU <_£l^] VOi**jI j! 4,i b I 

<B «-« - (\ fY) d'Y/dy' j ajia; ^(\/*) d'X/dx' «T 
j._;l jj ( \ /X) d^X / dx f oil y k jU^ ^ aSo I aj ^.L' j :jU; 

0_a1 y 31 uw LJ jj -(\ /y) dYidy' ^ j *uL a? jl ^U 

—1 t JJ-iL C-! b‘ lj ‘cUi-ji !ji I jl ilL J& i C-; l? ‘jS'i-i 4/ .J_jj 

t Q£ IJ ^ I J j I I c J 


\ d'X Y 
Y rfa: x “ a 


\ J x y 


y ^ x 


(p) 

(a) 


\ 



X f \ j j-i j> 


ol S 1 O 1 jl t—J \yj 2 y^^A 0-A^Lf w-i Vjk (X* C-J Ij 

.2 j£ tLl*SCi7 y 4J^U-* JJ.j lj iJiU 
J-^ Iy I O—J L ^ U^y* $ y Oj jval j I 4_j j I y ) j ^ f ^ IJ ^ Ua 


o,r 


d^X 

dx' 


= a x X 


(?) 


45" 


**j kj C-*~^ L^llj> L 4 j yjj Jjl ^yJJ O ^ <y Jj 4 j j! y 1J 4J^U>» yj 

,y^V 4.).iU/* y<y 4j j ^j!5"ojl—7 4iyj y I U .ijb 
, *X^ L_j l ^>-1 ^Jj li ^ I 4*J I L C-wJ i ^ <S <J I - r^ J ^ ^Ji J ■ y&2 


dX 


jA>>J IJ 
ip-^ujyj pJlyy> 6 I j! oUU-l L 


- a'A' dx 


dX y f 

~T- = cS / I& 

$? J ^ ^ .3^'^ g,<a ^**! L—> j y>- p-y, jj^" y. c5 ^y 3 J Ij _$ 4j 45” 

<yjj jly ^y U £j** 1 <yJJ .o-y oiI Jj Is <_5^5"J'^50/! yjj j ! 

L’L>-I j 1j «x> Ij jlSol yI y .JyU L ^ j^j 

JLiH £ aJ^U* i J y_,« Ji yJJ y I ^ j! ^yi*j l£! j—j oLi5"4j I j oLL^ 

a^>- (ijL» oT ^ 4_5"o—I yu U 4_>- jb j! J>\ co^l 

3 <J1****I Wj ^*-j Ij <JS-Lj J1 yMi y> 1 *—>i y>- 4lJ I Ij C^j Ij (S J1 *A^ JO *_J^sJ> Ij 

OjJi 4—5" U j! 6^5" o 1 U1 . ^—j JJ I C-^-b I j i j>- iwjl y>- pJ I jj ^ l_>- yj I J I 
y^y^j <jl-LuJi>J 4Tj5o .i c^ij yj I cS^>v iC-wj‘ jlj^>- jlJLLUl^l 

'r <-5 L^j' I y jl cl>j (_5 ^yjj jl J A-5"^ a J U:*^ I c^-^l y V jif ^J J 
:oli Uj y3 lUJjvSj olyj Ij 45^p-^5"y5>y 


x= 2 ^ n 

»=o 

:j y Jjsl_»>■ j! jl (d f ') U JJ Ij ol j 


<FX 

dx v 


= 2 »(»-') 


a„j; 


x = a r 


2 


n 

a a « 


O 




I ^ £ O 

y>- b L* (S 3 b*~* x j{^ 1 a* ^ * I j L cj <_£ 33 ^ I Jl^ L jl ^3 / I 

-U-ili y I y pA l_j ^! y 3 JL-ib {S3 L-v« 1/ 4j 

r X \ x a- = a x a 

i o 

r X Y X a r ~c?a^ 

i > 

(« + V)(« + ^ )a„+ r = a'a n 

oa o '-r~*-y. o* y^ b 
a x 

x ^ x r ° 


a' 


a ' 


a* =- a. — —r- a 

* rxt ’ f i ° 


or 

Clc, — ~~ I - 


li ^; A I J>- n ^33 c5l^ 


a 


^=vr a o (t jj «) 


■-Mj j>- i^3 




a a N 


# v ~ 


y x r N r 1 a 


a h a x 
~ d 1 a 


Vrn.Slj* J 


« C V , . V 

a.=—r —■ (v «) 

* m I a w ’ 


j«-al y>- i jljS _Y 5iajI j jj Ij VIj (^3 



ra\ ^ T y-> o-'-h 


^ n n 

V a * , a \ v a » 

X — a > — x H- —7 # 


O ‘£>> 


a l “. 

\ o y 


*«. 2 ^ + * 2 ^ 


« 

o i£_5-> 


o' n l 

\ 0^9 


‘-^ts 4 J^' *J (?) Jr-^j*-- 5 aIhIjw Jb- oJ Jj{l ^ AS" J& 

jb ^ 3Jti yjyy CL>J j+Oj i J l£J -AA O^S*?^ 0 ‘S y* y I 

.^ 3 3j [y* _J*& fiibl) II?_i3 <—J1 ^4>- 

co S h 0 ,= |^)- = , + (^ + (^! + ... 

J JA> ytyyi \UJj+0 4j ^3* <Sy> 3 


°‘o> 


. . v 1 (<xx) n (ax) r (ax)* 

sinn ax= ? —— — ax-' 

* - J V7 i 


\ OjS 


r* 


\f*yiy> J j-0 I Aj I J i_>l_^>- ^>\y 

a \ 

X = a cosh fl#-f— sinh a# 

° a 


l$ a u- -H • 


JV = ^ cosh aa; + i? sinh a# 

jiy o: v /a 3 a o i£^. I yoL-^^1 *£‘\j B 3 A oT ->■> ^ 

li lL*3 Ij .Ji_/ Jl_>- hj 1 wlj L 4—5" Xl—A Lg^J b 3$ yi I 3 

lb aJ^U* 01 ji ! jtJ c-^~j a I ^s^-h C--J Ij 9 *1 il** ^1 j>- aTUjT 

•^Li' 

fy l y l-««>- j—{ IJ ^ j\ wife A^ C->.■>«■*> I A) ^ U» JI (_£ 

B J 3 A' c£^‘-k>- c5jb^>-l I y~b5 (►* ^ 0 4j 1 a 1 ^ O^U^-J Lj 

: o i I J 

X = A'e ax + B'e~ ax 

^—i U; y*> £-*' b J*b J O-jt (3^ Aj Ia1>i jJ a]^U> J>- 

° J^LS* £;** U*S^ 3 L fjr^ 1 



^w.j/31 x&T 


Y = C cos ay + D sin ay 

^ iS* L ~"‘ J, 'b yj wij J b jljul* l>o | J I 

V — XY — (A cosh ax + B sinh ax)(C cos ay + D sin ay) (v) 

I j (y ^ 4 .) ^ [jla c-^j lb k —.j I 3 ^-ju^ jJ I j aJ i-w» <iL A5b I j I 

01wL-a ^5sjy9 0**ftU —j yS’’ jb» e-Li y*x* -*■->■ L A^ IjO' i 

jC=o j^ 4 —° l > ji ^ ^ y> I «Li <y Uo‘l L Ij ^yjyu b 

ip** jly AD = F N 

V = F N sinh as; sin ay (a) 

# (j^Jy 1 l; j c—1 y^ csjb-* # — ° t£ly sinh a# ^ j^> 

LOj=? OtMoy ^bj £-J l? Aj j .iJJjy Vl 

sinh - (e** — e~~ ax ) 


* T ?3 y— x*nlas y — TTla 3 y= o ji J ; «Jb ASb w^Ij sin ay a!-*>- 

i #“ o Ji Ij ywa J;—* b « (_£b—* 1 ^ 1 ^ |*aj I y ^ b ^-by y*^ .$ y-^> 

l> b F^ Jc—’b p* Ahl*» pbly <y * y^VL .p-yi jly y ~tt [ a 3 y = ° 

o-Ju ( A ) *bU* F — F^ Cwbjly 


sinh a# sin ay — ^ 


L 


ay = sin 


\ 

sinh ax 


l^i j A>- Ij a^U^ [ yX ls>~ iJX+S'^j 3 7 La I a^I** o y Abb* 

r-V yi->jT a# ^-^y ay |^jc 5*y yyUU^blji y 4 

aj ay aS^^15ca £_j Ij yj I aS.XA iy jLi; Ij yb>- 

jl ciljli 3 oj ^ ay = 77 f X ^ aj jo-•! ^jJ.>^ j y^ aL?U 

F = F v 3 F = ° (Ja-J b b ^ Ly“>~-a *f . y JSvJ- j I U- ^ li/ 

^AaliA JajJJ ^ j' ls^ 17 Jr"’ b AS^^y 1>*J I jl .C .. -*>I O^Li A«Y (J^*^ 

.Jj'loAJl* 0^1,5 <jLiy ^ 

aS" I j } yj I b (jby a 5^ ^ yi* Aa-^1_j>- U j! aS^ li^I 




rar j o-i s>. 



cLV 

°<^ay<Cjn c ay = sin - ^ ( \ /sinh ax) f.y 

J* ^ O I 4__S^ |-9->- >J ij I J l?-- 4 j *Jj l_i ^ I »-ta »XL.*2*^P ^jSvJa (_£ I j 1 ,i 

L**,4 «x^ bj ^j** 3 ^ 6, ^ u>,, o 1^ {^) ^ (v) ^J l$j I ^J^Li 4_»S^Lg,j 

■ l)^, i 1 -J 1 L' 4 ^ J J ^ t _$ ■ ^ ^ I I ji ^J-»P 





^ 01 > -\f a 1 ^ p^ V \ 3 V o 1 Ui ^ ^Jaa^e ^sia-' ^ ■ V 

. F = F S sinh a# sin ay 





UjU ' raf 


-Ai) j L,£ Jsji * k ^ ttl - 5 4 - 5^ o1 *£j ^jji >~ «-k U &! j l £\<d Lbw* ^„y 

y f^J l£\j> x~dJ*V — V o 3y — b 3 y — ° j x~ o js y = o : j\ 
(A) aJ,^ 02 I 2 i*£ Jl^-» A-S"", 5 ^ > {^ a ^^3J 4j a l) 3 o ^>j 

is^ ^ ^Ui I j is jb jl^>. 31 £.y j5o ji aJi-t o^‘ j 

j^l^jl ^3 L 1 j—i'j o^Lsl a u->Uo I l j! y b y — 6 ji F = o ^ 

CO»«M J (A) ^ 0 Ji I 

0 = K N sinh ax sin ab 


*ljl 4j <j5" 


ab — mrr (m=\ 9 Y, r, . - ■) 


L 


m77 


a —- 


Jr- ; ^ ^ VfJ* 


K — F\ sinh 


m77iT 

6 


sin 


mTTij 

~T~ 


y — b 3 ij — o 3 . 2 ; “ o jo ! j ^>ws jl «Aa4 L 





^J__5CAj (^jlcv—^ CvJ^—^ j3 ^' j I 0 1 o I <-\ 4—r< > _h~-j i 4_J 1*li.a ?-Y J^ 

l*. jl^ 9 ■ aj J^' *&~y. V = V S sinh ax sin ay 

•ci J’JJ jA»" j <i 3_)^a 



Xbb J Ji 


yt l <Sjjb Ij V\ ^—- wi ^y l?i jb Qt* Aj . •^■ i L5 - 4 ^ *i 

b j c^i i I -U" L ^4 I l'j . J/ =: V o 4 # = d 6 -? o y j I 

c ;T aj K n j'^j ra jl ^ito jlwiL» tiljb ^\sT j& ^\ j t^rlo ^1 j! 

r r t^ r* L 


F= 2 sinh 

m = 0 


irvnx 

^b~ 


YYvnv 

sin 7 
b 


(') 


YYl C*>3 j* i La* I j,—> OI i e-o ^jj 1 4„^ 

iLl^li |f^Al _^>- JjJ 


ui 1 o^- 4 F NmL r->' 1 
jl jilil-J l; .2^; Jjkl __j>- 


Z /mwJ /wry . , 

F Nm sinh —^—sin—(°<y<*,»»=',?,•••) 

m = o 

L lj VI Akj I j ji c—*1 m ^ b ^ V Sm sinh (w277d/Z>) <J^ T jl 

:ijl c m 6-i^^ jSvj l>- 


*\= 2 c ».sin-^ KK^w-M)-) 

jn = o 

cj j^k !J.J/ Q j^’l^ a5^j^-^ jij o*--l l£<^Aj <jiI 

J j*** 0 ^JJ l—j o—> 1 y 1J c w *-r°Jj*-=> oij yw y jl v_jjt> *-o l; vil 

Ji c^il ft ia-uL a] lw> A-5" ^ U;T jl . pj JJ 1 C^<-k Aj J^3 ^ 

U aI^Ap i j j-* a^>-U ^ I jl ^jl>- < J-0’jl-o j c-vjI cJ>-i y — b 3 y o 

y>Jjjss Aj l) U O jl y <-^lJ—^ lj X — d JoUj pJliC^j' 

a 1>^U i—»U*t^'I I_^ aLj lj Vto-I 

^>jb; p-J jsV— —V o j ^jb; Sj *i pj jl ^:p a^ 0 y <^ b 

!.*& I vI^***Aj 

^ = f" 0 (o<y<6) 

F=-F o (b<y<lb) 


jl(^o»j 3Jjp» jljLft Aj^Iaj ijyJi AjJ^5 *\ 

ub ! U ji £>l ^ o-^s ji a? I j Hayt j Kemmerly r 4*.\ Liao o<-^Lu^ y . i 

.cA-lS^^o 4^«ca^2 (jf* ^ua?~ 4j < 51 X 0 I 





iijj JaI y>- j\ji 4 j c m <—-il jJ> t^jil j>b 


tu : 


nvirij 

V 0 sin —r—dyAr 




2 r~* 


(m >J) 


= ° (m gj. 3) 

‘a'-'-r! ^ 3 Cm — sinh ( rmtd/b ) ^.jb j§±s JsJ=> j) 
fV a 

F. m =-:——T7I\— hj^m) 

' arm sinh {mudjb) v 

HJJ I I J Ja! ijy J ; —j b £_j L" j jlj _>l j) ( ^ ) 5Jaj I j ji I j j I ,j! y ^ aS" 

fV sr* \ sinh (lmrx/b) miry , 

l '=- 7 iil 5 hMw”T ( '°> 

j 3i jj (\ o^) <kj I j I —> ji jj ^ ij ji j^s ^ i kuj 

F o = \oo j b — d j> \ ojjT 1> li* ^ I ^ ^ \j d jjj Ji J* 31 Iflw b ^a 

^ — y jl j5 \* <L *>cj JJ <Jb« 4j 4-S^<_£! a) U«« L 4J L-*» 

j^r — d/f=b/f ^\s A a** j-* oTjj 4 ^ ili; jl ^5^ ^UjT <^l ^ 

tc^ib ^aI_p^ j J/ o — ^00 j y — b/ X =d/'( 

foo^ \ sinh mm j f . . 

F = -- /.-:—;-Sinm77/r 

77 v ~ m sinh mTT 

f 00/sinh 77/? \ sinhv^/Y ^ sinh £77/? \ 


m \ sinh 77 r sinh f^r A sinh £77 


^00/ o jAf'AV A->Y Y A 


77 \nj<m vx^j^aja 


(ojoY^YY — 0 J 000 YA + 4 4 4 ) 


= VAf 



ray j o-'ji 


K= O 


H 

r 

1 




v-e 

ol^ ^ 4 ^Lc.j y *y JC4 

fV o y ^ sinh(»r77-;r/6) _ mmy 

V ~~ it m sinh ( rmrd/b) Sm b 

V q — \ o o V 3 b — d k 

s jLi -L?j.k>- j j \ o ( J^>\ j3 A-j J ; —j b> p-a y.v ji 

.Jj I li>t\\ ( y>s^A U Jjld-L*» J j| ji 

jl C~3^ jl j —9 ^>jJ-H XJj ' 6 ^ jvai^l=- L-jj J.5- cL*>=j I Ji aS^J Ik* 

U^T J> ^9 A^j L l^j i ^y_ JI AZ^-iST jl J wVj Ji j\ jJ»i ^iJ ijl_^.« ^jL 

^ j^L*> l—^ cjjj+oj Ij J-—-t'b o\y *jt <y> j* J'J ^i^>- yJj jJ jl 

^Lw Ijio aaJ^U^ jj^ Ij (j^^V a! iU* ^aZj ji j ^jS^jL> ^ ^ x ^ Ij 

c£l—AAiiU^ jl ^5C ulj> A_$b jj *ji yjj ^J>j*.** 

^**>J y r IJ lJ ^ ^ J . ji ijJj*;* 1 / [£j*> iiJj Ij^i J^j' I yjl 

J->ob> _J>* jl iSjA* *l\) m CjJ j*^2J IJ a _i^ljLd <—>| ^A>- j| Ji 4^0 

al-Oi ji ojli^ ol j~Jo 3 4i«b L^ljb I 4 ; I y>r j^l jl ^ 1 -lS" j* j pi^j^j-^j* 

jjj oLa*>t* cSl^alSwo ^Lj ji jl jj^ Ij I^jj jjl ^Uj ,i jj c^La:^ jl 

jl5C jus^ j~j3 Llj A-J ^A L J^*-jbj ji 

jl jl _y ^ Ij j“«^j c->Ip jUs»l .^ilfli J> IJ ^ j^ 3 y* AaAs L^» I ji 

^>- I 4 ; I jl ^lo^-p ji j c^l Jv23 jL L ji I 4 ; I c~^49 a5"^>*I^ 

•i J 3 1 C^**»*J^ C-^l i-A-i oili y> l-^>-1 jlj V a] i l^a Aj A^siJv 7 









i raA 


OljA* 

jiJ tSjl AHjj A-, oj-A^»L> j+* 33 j j*2j aGU^ UL *—jI j>- Js 1 

I C-*0 Aj £wl*il — i x — °5\ 5 0 — oj& LS^^ ^ l Qlj** ^OjJ» 

«»+\ = -[(«+')/(« + f)K (^ !l ) 
a n+ , = [(n + fi)/(n + OK M 

■=->&Y 9 3 ojfyy :lfcly>- 

i7 o = 1 ooV 3 b — d— Q 3\ IT1 -3\ J— 3j\.f- f .. Y (J-5^- 1 ( _ s ih'*~“ j jl_*j I 
# — y — o Jo Y (a-o) X = y — ° 30 \ (,_!#) I) : 3j JJ l C—A, y. j J»li" jo I j C 

cJj YJrv J WMf 

vV>^*g^0 4j’^*>'| jA 

•.(ij3> a«-I ^ & j^s Sxi a ; ^j; ^->l j-ai) Dekker, A. J. -1 

2 - Hayt, W. H., Jr., and J. E. Kemmerly: «Engineering 
Circuit Anaiysis,» McGraw-Hill Book Company, 
New York, 1971. 

3 - Pugh, E.M., and E.W. Pugh: «Principles of Electri¬ 
city and Magnetism,» 2d ed. Addison-Wesley Publi¬ 
shing Co., Reading, Mass., 1970. 

lj y jj 3 3*3 y y A ~^3 ,j y “Aj ^ I I J A^wJ i I 

^,1^-Xjjl, ^tAA aBI** d* - y d^ J^ -AaI^a j-Ul_5>- J^ 33$* 

■>J$\s* ->D» ^3j> 33 ja 33^ 

^rC-'^)Ramo, S., J.R. Whinnery, and T. Van Duzer-4 

jj-tA— jV aJjIx, Js- ud ¥ JA .(■> j3. Aa>-I jA p J*23 %33 i*u>j —» 

J *3 j* Vl; JO J ,>ir J_»C 

5 - Smythe, W.R.: «Static and Dynamic Electricity*, 3d 
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,C-*aI Ala S JI Ji l _g^3j{ 33 ja yi, ^da-i, JO d: w " G Ai^h i—•LS'jjil f ( J* , ‘ 2S JA 

il-w ubSA,,! ji -(ij-i Aw-l^ f. j^ai 633. a^£»- i y 4 j) w eber, E. -f 

-C-—>1 aXi aJI jl L Ij*^ d^" 



m ^y^y j oy^u^ 


JjLp© 

Xj ij> j>j a>o x L jU j I \>- Uc« <s XL j* i_*> jj? «\ 

Yx^L AbU* It 

.X*o Jo~j ^al£ dLa^* ja Ij -Y 

d^Lii-*' I ^ Lc* j c-i^iT j l^s x?*a ij j,* y . ^ ^i^tj j2 a$^ (j L a> Lit j! 

Ij < j-^‘ ^^I- 4 Cpb Xb F V AbUa jldpl Ja* I J^j J XlS" 

.jjT 

«X jjf d-^X <_£ jUtfTpt^ (^) ^ l£IaTI * 2 *» I da L*s.I^>e.« (oil I) : j:> Ij yV -Y 

o^b <j\aj\ y^\ dal-v^i^^ji F = \ o (r* -f- r -P ) cos A<p J;*x La j! x* (J l) _£ 
■ XS'" d~*J ^V a J 5 U-4 j! F a 5* XjS"^* *7 <_£jjL I -j p 3 k ^oLU .d~^l aXi 
L r= \ j*\j\E \ 3V * x —t> ^ LXo‘ I p J & Xl^—j ijr dX oUa (^_a) 

■ X JjT d~0 A> (p — 77/ f 

dabal^ Ji V — {\ 0 j r Y ) sin 0 COS 9 Jr** 1 ' l-i jl-V aT Xao jU; (<Ja) I) -f 

bob jia J-—j lL ( * J * lo-^J —iV a—I^U/* j! (S 3 j^ 

<_Xa? jT Laj (J ^ I <dl_j J.i 1 J ^ o -J/^ JLmj Li p A ^x.ia^ (* ; ) .j^r <JjU *0 j-J 

.XlS" 

I—T ^ _ >r *5\j Jl p OalvaZa*^ I Ju>* J_5" 4 j X**l J d^TxL J»b J,i X b jb jlXL« A>- _Y 

fxSbUj i ^ J? I j K — — ?r L fe J:-* ; ^ v jl-V-a> 
da LaZ>c> I j —j V aJ ^ U^» jji [%, I j>- a —'P It V\ ^ V \ ^ ^ I <-L I 
(S 33 L_ 4 i‘T J^-a'b jy j Jt^ 4 ^ <^ r <^ 6 c5lj—J iSJ j> 

; l —1 [ 4, ^AjS *iC ^ I a-X-^j ^ yx* jl ^ C-*^t ^.U 4 j ^ — b 3 V ~ Cl 

a<r<b & y y^y^^'^V^ + 'rV^V x -v x JV^V x (^a)l) 

■>.S* r + -5 F v — F x -> F^+F r (‘- r j ) j 4 -> k ^ d~*;7 

J V^ + V x J F t ( l r') J 4_<‘ L Oi'jb r—bJr = a £cSjj fj Jab 

.4; L (/^ L F^ + TF X J F n -F t 

cjj tSij-S'o' ^aX>v/» _iV aJ^U^ j I Y \^—C j V "b*- 5 b bw ^ ij I) _ ^ 

a_ 5^oLiJ y^ —Cja ^ r — a a 5"jLL>’ .x^^ 

A-'T J : Aj jlx (oa^ d-^^a ^ja^LV A]^iiL* jl ~ C j Y b jT — ^ /^2 

I j>- ^cx-j* F x j/^ A_r^> 1 >tj 1 jl (da) v^ — Cja t r — a c^jj 

Yxr OJ-a? ji ^3 4j j*&>C>a A^5 

j* E x — \ o oV jm 3 x~ o jj F = w o V J F = /(#) A -^p-;lx^l o 

J^ £ — ^£ q l>da <jj U dl^ ji Ij aJ^U^ 4^:z=: o 




'Wki? UjlG J I r? 


Jr* 0 ' b tsjl ji* ojL <^Lji Ij E(x, y , z) J F(<r, y, z) -\ \ 

A—>t— JL*& iS 3 3 01 O—5j J —^—k*x J ,> jJ-^ LS—* ^—* A -)1 o! \ o o-V 

.uLjjT ijb j\ J x-\- Xy — bz— K 
J.—J Jj I C-~<^-L iij! Ji (_£f4/l jj^x I O l^zl^zA )j ^OkV AbL <L j>- - \ Y 
Jr - Ym ^ 1 * j- Jr~ ; ^ L^>-l j F = F(r) *L^L ,a J ji 

F = \ o o o V 4 r — tm ^ L c^L y © V jf r = Ym 

Ip l —.j yi^Zj L ^ j ^i^Zj Lx ^ (_£ I^pLji L I (_£i [a j,i ^aj <_£luss - \ Y^ 

cJ j ^ o o ^k 1 1 i <ji La S 1 .v^a*-I iii ; j £ — (\ -|- \ o or) kc^^Ap 

j -kj^T r =: rein J^ b £*(r) (Lk) i-Uk ^jk iSib jl 


• Ar^"dr:’ u " >-> V(r) M 


jo tc^*l fi-A-i &ota 0'--A/ \ .y iSx-i. jo A>t. 


A—3 L* 4 ^P L**x (^i l— A A_^cjS^P Ji - ^ Y 

; r — 0 cm ° i<p-Yo° j> 1 t Jj'jb j\ J cp = ^ o ° j <p “ o 

.Jxjj)T c~*-l ij £ j v | JT| = Yo o oV/m j <p= \ t jA° 

I j&J5 a5" I j i_£^La A>t>3^p Ji C^-3 j k LaaJ y | jl ji ^ Jtei L ^2 L ^ L3 I) - ^ 0 

3 cp ~ Y0 J <p =r Y ° ° a_Lj Aj (j? I a_j 1 jiL oL*a^ ji j J.__jjb 
(v) ° <C Z <C \ L °->° ° \ <^r <C ojYm 

^3 Ij (y) aj (p~ YYJ0° j r = oj\ Ij \E(p\ 

k>tSL*& J5 A—r^k Aj i^ 6 j|-b| A —j wjkxJJ^ j! ^ 


J1c5J L>» J c-=^ I j;5L c-> Ljis^ I 0) L' 4 


&L 


.^r ^Lxlj 

3 Cp~ 001 X 3 Cp — O L (£\ Aj I jl^>\ I jA ^J1 j A>»iv^ 3* - \ 9 

jijT j-j c-o^U .Jj‘i*a-S o < 2 <; \m -5 \ 0“^ <C r <C 'm 

C-^O A^ I j 

<_£^U %> J> ji lii ol-X -a 1j aJ^L (iJaJ t) - \ V 

a_$Cjj 1 kj —> sjS' Ji—=»- c^x-1 /) ^> (7 a —^ h 3 Cl c 5 ^^Li a —j j —r j>d i -Ipw 1 

1 j 3 * oT ^ c^^_k (v„j) y — a 3^ V = F j r — b 3 ^V—° 

*^jjT 

L-^ til b aI-x j a 7= ojo Y j ^ = ojo Y ^IU (5-\ A 
0 L'Lj j 1 
(£\A ki/ Ji IJ 

.wLjjT Aj iS 3 _f Ji jl c5jL<- AjL 19 Aj 

^ ^ A^>- l/ji Aj IS" 1 Jj>- J jkj ^ Ll>t.j»Ji ! J V a) ^ L - \ ^ 


\ o” A C Jf jL JLb S^r.JUkJLS ia^ p®. jl E R — r 

^5v ! o I ^ cj jlO j ^j >-j k- Lj . c—>-1 Y ° ° V ' 



r?\ 


v * 1 —> 3' ••vs' j=» €jt = \ oT ji 4_r i r<C/'<C^ J £j;=Yoi ji 4_ff* 

^ 4->- J— J •A*aS' oi I /* n; ^ Ji V ” ^ o o J ^ 3if I JI I i 
OTjuT ^*aA> l£j jk ! j l^>! y>- LjU ^i 3 a_j r — f jj V — ° h Ji—>bj 

Jb_ b-P (jji ^? Sjj A <_‘■-‘^■^ 4 iaj j i_4*i Jik /'mV' Ji Ja^j ll> ^_olii-* 

J r m Y' (*—>) J /* m V ( kal I) ' ‘A> J 3 I -b J Js Uj ji [j J/ c J./* j.*i ^ b£1 

•r — Y'JA ( l t > ) 

m \ o 4.S^Jj jjl c^O 4 j jJ i IJ , V — f ( 6 ) S 3 J* ji ~Y 0 

► r — O JY j 0=Yo° j:£^-^oo J # m ^ o ° ji 

Ji F = rV J0=Yo°jjJ/m^oV 4^5-tjy-^ ^ii—A £_k-» ji -v \ 

p.A jl or m o jo Y g/rn k o~ ; ^La bU dL{ XL* jo @ = v o ° 

<*lb ji a5^ 1 j jrOk j^f* (^) ■-k JJ 1 jj— o 4 j !j Ju«*j bj Ol^b- 4 (c-Ol I) .JJlaJ-i 

3 ° <C <P <C ^°° <—a^I_; ji j ^_ : p ^—5L_o j 4 _j ^Ij 

.OijjT c^i ^ \oj\ <r< \ ojYm (w*) joj\</< ojrm 

rr= \ j & = o j* V = o j p = \ (y +sin flvr) C/m r j—-Y Y 

-kjji c~~o *> o <^ x <C ^ m s^ j\ b ols^^^ji ij ^.ui^ AiiU.4 xiL 

ojiJJU>- x= \ / y V 3\S1 a £ — E q aSo! y ^ 

L*j £ 3 k Y l —{ J^^J|J.>eJ* ^iL* A) |^Lv>l Ji j /jV 4-J>-U _Y V 

£-i3j 7 — \ o A (^ + \ or) C/m r AbU>» <j : k a_5"jj^I ^>«>- c5jk J^*^ 

l^jj ' j F ^k j^^ ^ IJ^-' (iJj Ji^* K J £ r -e = e o .o.^1 o-i-i 

.Uj J 3 1 c-^i 4j J l>- 4/ ! 1 

V — XY a^y OiU> Ji- jl j ^ jl U fr _Y V 

4—JiU>» ^ L^I>- 0L>- jn,P Ji ^.jIjJ jl uOj ^ 1 vi$" C-^i Aij 

V = XY + x (u)jF = I + 7 (o)jK^JY(J!) : x^j ^\YJ 

■ K = (X7) V (o) iK= V X Z7 (^) -? 

c5jlvXi« b l y I j I j f J^a3 \ f Sj J^^ £h j-* Oj^ y» J : ~0 bj - v 0 
.Jv : :S^4^1L c—o yj (^jl J>3 J^ cl j jl 

jL^i' (uill) a-A^ oili o ^iT^77^ljlAj K m |oo Slll^ COSh 2/ - Yf 

IJ o-\/" Jaw' bj ^(o) *Sj£^ tJJl^? (j^ObV 4l i ji J/ 4_^"-LAi 

^—k-a ^Cj) . ^ —aa*j Ij dJj Y o 0 J^—*' ^—V ji— A (*—’) 

• •3.+X p^"J Ij ^0-|/ Ja-j‘ bj 

J^^/bdl x — d 3 ^ b Ji- j " k s ^ f-Y J^ J^k—* Oj^ - Y V 

^?oiU I j l^;b d) — V Q sin (vry/b) jkoi^y^ 
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j—^jA I J ('—») i JJ 1 c.—-O 4j 1 J V (tJft! I) ,-U/L^* ^2 ! J cLaJ U 

.syf U^a v ~ Y o o V 3 b~ d <S\j> c> j>^ 

y ^ -YA 
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Pugh and t -r l Y jj j l^aj jl a> L _ y ^ 

ijlj Aa^-I^ 1 j.> a-Li 4w >^7 x _>-Aj ^ Pugh 

1^23 J_ a € (^l_A 4 >kj2v 3 jl ^ O ^ JJ1 ^S*s> ' 9 Aj Ij jl *—J ll-i J 

. <AO U* * 



A 

— l jl — j <_Jjl 4_5 ^^jUj jl . ^ J L $JJ> b-i i o1jl,o ^ j-^aa b o—j L ^- a J l>* A; l>" 

IJ JlS\J I jlJ^ O JJ J ^.J3y_ J_j I j (^IaIsaj jL Ji j„j (_£ J^J Aj isjj y ^ j>J 
(^l^j'lJu^ l —j lJaj j 5\0 Jb ^1 j>- Ji Uj I jIj Jp-1 J ji ijl 3 lS3j-J 

^S~6jlJ-j'l Oj>- J/jl-Lj ^*i>i J ^£yjJ A; Ij JJ I .pjloXi Li 1 c£iJ*I/0 

j_ Tjlsbil L^l^&lSj-O Ji l—&jlj ji ijlj <—**>■ ji C^o-J tj ^a AJJ^A 

iSjSt'j\S—i\ *3 j3 JL^I <JL.pL J;jU ; >* a5" Ia j 1, jj I i jS ^ l>o I 

I j Ll* U a5Jj! . Jj _*-i^» a;LuJ li jZ jlSbi I <^IajIj aS" Jj" l$ j&iZ l^Lajij jj 

^UjLj (S3J 0 jlJx» ji 1 jJ LJ j ^-Ai £*’<« l^LjIj Aj 

t j+~*j ju^ J4j IC-^-—i Ji Aj a! ^P jj 

J i J> |^*aI j>- ol^' 4 ij—:>- L_J IJ (jl J*>i A*,S iL* L 

■ J_i I 2 3 **_j j*xj I jl j> ^lj jj .—j jl j; I aj^5v>- i'i ^a! jLbj 

i JjA Jxj Ji L^'Xj jj a! L>> ^Ji i ijSbi t) j>- ji b)lJ-J Ji 1 j-J Ij 

aJj! c-*^ j ; >‘ t^l J2 ^^i 1 SJ La ^lj-3 c-^j 

(J _4_ a Ij (^iU Ss^>lA jJ Ij 6jb Ji C-*>iJ J OjA=*»,« ilj! Aj I J i j>- 

.ij^" Jju J^3 Aj 

I (J 1 3^, a aIsj IJ J I jJ iji^>c^ j I b JIJ j Ij . Ja Uj^ j I Aiaj I j 

^*1—1 J_J C-J j^ 4 J fj O J-J \j9 Ji-b^ 1 a5" Jj i j^aI ^>- ,d~- I j 1 ^ 

^J*j£ 3 J—i I ^—>" I A—J I J L^J I JjLo ! J O I 



X9f 

«-V/1 ^I^jIJ.*^ L a.AZj'1 jl>- A^ ^7jj.^3 Ji .^jjtJiS"^ 

A$"c-^I o-Li oJ-j’l^e^ 1 >*Zj1 J2> Jj 0»***9 ^\j ! ..-US^ia/ ^jj 1 J 1 

(ji I 4 —!T bLAi jb ZJ AI$^JLj jb 1 ^ J jljjb yO Aj J JuS^jJoL*' U ^j-j'! j 3 (J 

. JZ-j J^y O l J I Aj yj j y 


'jfJU _ j^o 

^>5\] I (J I ~1*/S <«f»b b ,J j *A 1 4i£-Ij (JZ*-**' I J I _ij b ^.^^,1? Li-4 j | ,_L,>« L^L« 

—l j+& I ^ ’b jb y>- l ^y j^*-l ^lb.>- ^~^ aL - jbo b aS^ 

(J jf jA (S^X* A_> 1 J jUj b j^Svj I jfjy j a-Vjil; lj pJb 

jbyj- ^L*mJ lytO j.*j 2.'*£- J 1 b‘ ^oJsL*-« jl*Ay 0 jb J.S U ^Ixi -L I J J . 

.2 y J.*! ^4^*“ 

dL jl <iL>-j —S^<y y>- lj jb js* ^kJlyo yA I 

<JJL ^ j>- a—> y a_j t_S:>l_ a ^jl j jb y- JUI>- l 5 I a; Jl .j (^^La 

( j^> j —9 . 0 -*a»I jH^> Aj (jl A_S^O-^) c$!a ji^ b C^IAj! jZ^ I 

jy l—b L^jl^- C-—I ^J : «*jljiji 4 $" L dH J jb» / jb J>- aS^ y^(y* 

(j 1 Jy ajl-l/! p al j.>-J^ As.&l j ®> ^jl J _ j-j j>J 

ajIJU J O b j>- OlIj (— ijJs\^ b>- b l_Z_ ^-11 I jAO jl b* 

(JlJ-Li ajl-\_< I ,p Ala 4 > Aj (j 1 J^i 1 j Ja>- J AlJjJ Aj jlj J ^L.*-J |j,Aji 

-_P aLuj‘ J ^LwI^.jJO y^ AJLtft 1 $ { J^v 5 \P b CL .*»1 1 (j|j^ 

Jajlj Ja>- J I jAj ^ 4 lJjj ^jlr»- j—j 2 ji^P (jl C-^?- 


-> UhIj I 


IJ $ J+& i m &+ A _^~ irr ^ ^ lc^^\ P V&lJ j A:-ij 


<_ 9 ,jo 


Aj JL'i^-jS' Aj jl j ^Js» dL jl aS" C-^l iS^js 0**flj g-;J 

■ f J^-? mks 4 -^^j; Ji p aJ.; \2j? P J AZJ-- j ySlSLi IJ Ja: 


i \ / 'fTT C5^l- 


l —l 2 


jl y ^ ^ j7 Vb j:> a^.JS^'y ° b aS" I j jl jU _ o J U 


2>- 

A 


l c~^y 


liX^I b J 1 ^:^ I J jbj 


dH- 
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Colleg de France aU-I t.j 4 « ^ 3 s^ v jr «T olj^C^ jbL j >j . \ 

.iX^j \ A Y 0 _J4 jl jL-i — li 






3! dH^ ^luJpIzjL* (jl <A— a.A OJ_i J1 J> w „ (Jj > L—9 VA JC4 

Ji-IT hxk*> J^b dH y .cuf^A uLj \j I s dL s 


'j\±s2*> \ 4j U J1.A j$ j^a ! JJ ^^KiA^Vli-a 4 S^*C_wj 1 1 J 

^ I jl o.*Ui^l L .c^l o* U< # \ .c—^l (A/in) 

JM2^p Jp** jS" 1 .Jj'^ULai* 4>- Aj JUy y ( \ ) iUi 1 j oLa-S" jl J& 4_?f $ J? 

Ala&> £ ^i J <1)1 A-* pA bo I ,P AS""£ lj /* aW*/ J ^ Alai/ IJ oky>- 

1i*> y 




©iAa^L^ ^aJ Jiji \ \JyVs ft -A b J i ^ 

I ji aS^ ;^\ s£)>\'Xfe ^ VbJJ^-l Ij $ j5" p^Ai j>~ JS>- )j ^1,5 p.*A ! L j 

o I ^ -^'*~ J* ^ Aj 

j^P tii l (£\j > A—r I j jZ j jjU jIjL^^j 6 £0 lg.>- jl 

4j A-ib oJui AX*2 A jL ^\+aaJ \ jUiS 


dE x 


dQ\Qjt^ 


'frre o R^ 

i£ I aLj | J 4j yb J (j l A> Ij aIv^U JjJbt* b <1)A^ 





jj-iis Uic JjZS3 ( r?9 


It jLL/a ^ *-3^>-l cJYs jl-y i £-J> ^ t _ s ^>- 

C-^-vl 6-i-i \JjL z *py ( V ) -? ( \ ) 1JJ Ij 4jTJI j jl J Lj-j^j j jj’ Id 

j^£ Jr* 1 Ji-i ^-^► , *^>i j oj^^Jo U j 1 y_ Ja jl jl jj ^ J 

j^o £-? Ij l jl J 15^ p,_^w L jS>- A) J^A9 I j $ j>- a>~ jj U .o-^l 

( Y ) J $ ^ ^- A i Y * U> 4 J ^ I tj p»j I dJ j) 2 jJ:>o« C-— 


V-/ = 


dp 

a? 


V*J- O 


^5^ JjiO^ j j Lij 


§ 


p-i jj jl5\j Ij 4 ;^ 4>J U>- L 

J-dS= O 


■is’ jVj J '^-**‘*1 J-A^> c£jU-J» J 4 ^-*; jl A_ff ^ j l y- J<f jljJLa 

. J.-<J I J ^ ^ I JO (jU AS"3 J^J JA I ^>- J I J$ J^—) J_ a^3 J5 J a2$ 

jl —tyr £“?*-* -^iI? aS^o-^I ^iwl j&ij> 2i£ jJj aj j tc**,; ^j}.x* c£jl_>- jl>y^- 

, Jlui Ij U L* J I 

^-j ^>J Jj Is I ^Sjj'l OJ 4j llib jljU _^*j j y U 4>*Jj 


1 O -*^ 1 1 


i/ = <£ 


id Hr X ^ 
~VnR^ 



31 J 3 J^>+ A (Y - ) J 1 J>^> I 4 kj Ij 4 _j ( Y ) J ( \ ) i=jJ jj cJ I 

J—& OJ J U J }jSO‘I Jsj I Jj jl p—^ <£ Jt^lyi-i 3aJjj 

aLj I j aj jl jj ^ JJLj i^j Lwo ai^j j+^a J j.>- jl (Jj5o’i a 5" I j ^ I aJU.>* 
j U^ jb of J o jy I ( XLl> I j Aj j \y ^ I j Uj I jl JU* j* .2 Jf 4$\J> 1 

a 1^>- p.J (y j*d I y ^ J ^ J ^ I i -tj Aj A-L*^A ^ J I ^ ^ 1 0 JIJ J IaJ> 

.c-** 1 ! (J J c^ldjl jj U-^ ^-j Ij <^ij G jl J^ 4.S^ ^ pr^ ^ ^1 ( \) 4 j I j yO 

oJvs l>- (v ) J-i c5 jc^ a 50 l 

jLl/ Ij Ij (y)j (^) i^ljjc^l y ^3V cjJ-5" ^1 

ijlj fijlj j^ Uj ! L ^^>0 ^ C^^'lj-*' -W A^j A_S^ 




m 


/_C \ T 1 ^la^ JL> l_J L ji O^i J>~ 1 jdO ^l '—^ 

, Ij j g} 1*^/^ LJv 

'^Ca dJLJj £~j_J^7 U^ I 0-^1 1^ J! J 1*0 J_^j Is 

I*—Aft! cJe.^yu Ij j 1 iS$5y. 4 K 3 J jrT J 

^S LSs.:** ^ji !^ U> j c-a* 1 j! ji iij U ll-j b\±j>- b^ 

i 3 ( 11•* ~ -ol ^ji Ll£| A* I ^-j jA ja* j —j 4D ^b^i,j^T" 

K j (Sj^ ojl^l u^j p ^1 

jl/y*- J5" j t J>2* <Xi>lj c^-1 j^5sj oL^>- ^i 15^>- jS" I 6il^ uU.j 

:jl c^l oj b (J0J& 

I-Kb 

«C*»oJ^ 1 ^ToJ^j! <1)Lj^>- j“^ ^_^- p '^-*4'?" b jG“ 4—^|*i!^^ U*^y 

j*£- b^ij^ ^ iS^j-i • < ^-*- A ‘! c J..^ axl X Ljb Y-A o~*-^ J 

jy Ia**o i j i ^Sv*j i ^ 11^.***> ij ^ >- *^j>~ i 

© 


/ = fKdn 


.c—1 <_£jU- ; ji> j£ Ji jts^x 4 .S"l1a-1 iS ^L-mJ I jio ^alp 


_j (jl j»J iC-o*>l (jl> y>- 


l 


OjS^uLj J f »- J bv»- b K ( j>^ 2 -» d^ij>- (^1 IS'’ 

IdL = i^S 1 ^ / Jtj 



C^?-I^5Cj ijb_,»- 01 ji a?" b jjii o^j c / <jbj>- |JS"jlai* I'-A 

. 0-1 Kb j-Li o-l jl K 




^ui^jsai r?k 


Aj I j j\ 3 l-^ _jy b^> b 3 
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di_, jj L b jljU - j>*j o li j ir 

(J I ^50 I ( j»bWiA/ J ^— j ^j J by 1J ^ Y ) ^2J 1J ! -Ay I . J JJ J Ji C-y joblw,* 

o-Yy (r) JljSvX/1 aL^Ij I^Xi I jl 4_^c^l y_l JjLm jlsf^yl a:J I .pj^S'^ 

^ LS"^ J* LS>* bl-^ yj Y'-A 4 f A*>-iy 4 

y^* J b I Ji 1J o !-!*/« o_Ij> ( Y ) aIsUj yj I ly .JU5^j^JJ ^) Ij 2 3*-j> 

aLu I j ciL5" Ai j jb ^ j ^ _w t—>Uo* I 23 o cu~b 


^X ■ 


rfl r —Zfl, 
a *\x : 1/ V . X 


jl 


ib + z'' 

<y*i C-*-*! / b L jY ^ 1 -Alb J3 dL ^4rT '^t f ^ c—O Aj 

dL — dz a z 

<-xo _^j ( Y ) 1J J 

, ff ld za,y . (ra T - 2 a t ) 

M '~ Ytt^ + zY^ 


l£ 1 ^-j c£<-£-^ 3 -* 4iij 0 bLi (jL 4io,j ^-j j o"o 1 j > 3 - a 

0 Isdfc I .^>_) Y- 5 JJ 1 AIjX j j I j3$ Cj aJLj^ b A j aS^l\JjU 0 L ^y>- 

aJl^ 

,L ^i ,U^y ^ ^ ij» b' (iAj <y>jU- i£$\st> 03 jl C^bjLf- 

A —S’ y V^b? ^-o; cby La ol ^:> 4 !fO'—j i <a^L ls^-^ 0^1 y 5 b,o-o ^ - r - 

.t-x^i^^ 5 ^ <_s'^b ojl i-Xj ! Aj <a,£jL aJl^Is ^ “ *OC 


-0-0 j>—P 

J^s .3L32 j cfljb 
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Ira? [" dz 

H '~ + 
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Ira Q 
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/f 


Y Yot a<p 


M 


j+J o A^Jo jl 41*31_3 C^avJ A_j J 2 la (jp £-J Ij jiA** ajI-A/i 


j*>L^ S?j. —U>- 

l ^ j—i **f d-*** 1 1 0 j 

_j 1 Jl Jo-cx* C^>- J3 tjlAv* OJ-A .-U^T 



s-^.J f-A 

dJj i^zZi ftb-QJ* 

j3 a5^ a UiA j J Ijo 

ijU’l 

Ij jA\*/ 

k J^alaj Ij ^ixJi [ 

j ^Jeu^A J Jto Aj 

ia jk>- ^ aIv? li 

j 


Jal 1 —; j.Ls>- ij-J £X-J Jj2 J 

j>—L? 4__« -<d—^ 1 H 

is ^ksi 

j-> S j»J> 

sS' j^2.>- 4JLO 


I^A-*-** A^AaS^V I ^ 


_j aS^C-**' 1 flAjO (_£ J Jb jld J?j,k>* ^j aJ^I—5 ^^jijIAj AAilj JJfA* jLi 



<j. 5 jl^>3 <_io 


C_£ f AJLjij) ^^ALoLs OlAi IP 4 A 

I Ac- 15" &z*zJL*st <_jc- t 3 l-3 ^Jtp 4j / 0^>- .<-Vd Ij / ^ . aZ *.<* {jL ^>- 


* Ajtj>-1 ^ ^ Aj 0ux5^ *A±^ i y ( _ 5 *j ^ I * ^ 





rv\ jlJbb 


.Jb I i i£\-$*i j* (_£Up jaj>la Ji?^la>- ^Ji 4I.-0 JJ1 ji JJ91 

_Jj tjp CJ LS^ 2 ^ ^^1^*-* AjJjj b Y 4 A (J^' j *^ 1 b» 

jl^* Jr^ lz> ^^UL:> ULii jLu> o^L — 1 b J^>- old/ 

^**A>ljl* jljLw« (d/io-Vdi" oJ~d$^J^ a 5"^ id^la>- 4dO J I 

j \ Jp ^ j ^ j , s Uj ! c-a Ld y I . d — j I j&S I o! -L,/o j^L —j ,L>^la>- L bia 

iJUv* y <Jj b J Js> J&\ I <S I 4 /1 •A--* 4j b*j 0 J b Ji ^^J^j 

. L Jii^J i 

O- 1 (_C J LwUA> J t jfj[ j <-Lv 4 j 3 / I J,*j J Aj J ! J l^*> _ ^4*> j _* J Is lJ I 

yy> ^jJb*w» y3j J- ^1 jl dL j& £ a:c^ Jji^ A t ijijlS~4~d» 

J^p dX J.aj 3 iS jbj—? oLdfJ—*bi 6 J^j J—! I (i^^^j) o J! J^rJ I di i 

L £ 1 »L^ a 1<«»2>" jl t«J L*4 (_£i 1 -AaJ ^ Oj 1 14 Aj ^ « "> & ~>* Ji »C. i*.<■■■■> 1 ( Q (_j i jSs+i I 

jl1j jijl-^ — ^ jy Li .|*p^f , J>- Ij cSUjV jb J jb J l^aLa/ jL 

J^U-* ^1 jl tJ jS I J ! J ; /a J.5 Iwa J>J l*«^4 c 5 ^J 

oil 3 A «1 1—4 01 ^ jjvaj 1 Ji >Xi ( b 5-‘01 l )^ 4 A* a5\^ 1 

. JL>' 1 5 

^‘A Ji AS"" c^-* 1 I i^Js**/* <J j.1? L ob_^f"db wL^a A>sJJ dL 

a^ ^ a v <^l _j Ijj l_—*>-// 6 l^ ^/jj oiy ^ o-vd ®ib jU; 

A>wJ!/ p ^iA^>-1 jA J>^23 j—>■ I \ Al L^» 0*A-d Dili jldj* Ji^-^ Ji 45"C-*-l 

iC-^ I ^ J OJ J*^3 Aj 

H = (sin a* — sin atja,; ((V) 

-A:a 1 ^ Ji^A C^ x J a N b ;ddb Y 4ka; y_j L^l^l 3 i ^A b di> I 

ji JurfO L_=>- L^O jl-A ^ Al-'Jd) C^l^;—J jl J|"^ (^ aUjIJ jl 

J_T jli jlj5 JLi'i C—j! J (^l^ii>- ojb C->J4 j 4__^" jb J>- ^U Ip- (^t&AlJtij 

.zjs' OiUl-J 1 

'\j$ &.S* 

Js>U; ji aT !j /AL = f77X \ oby>- ^;p jl ^1/ 

j (Y, o 9 o) (^1) .d—jj^S ^j Li olo^t* oLS^:-*i ji ijli jl ^—3 y j 

•('. % ^) (vWl lr, Yr, °)(v) 



fVf 


z 



J' ^ (S3J Z3^zA tzJ*jj\ c5 x-J?LUje, olju- 6 OlX^/ j£<5* 

{I If nr) (sin a Y — sina^)a 9 k c*J 

-r^-YUYfl y +M^J Xba z ) r&a 2 juA/m 

(tj* &is* 

■5^!^ jf ^ ^—& z il«Ai/4| aS* c£l 4i**o q^ c^^>- j^a I y 77 jj I jf ^ L j>- 

J^Oij i-f'JJJ«* JJ> .J-iJjT A__i (Y', V, r) Alai' j:> Ij ,3 .c—<1 C5jl^ 

(y^) -* £ ^> Y (^) J — oo <^ z <^oo (lJJ I) .X£t_j 4i*£>b j! ji ^j Jv?!ji 

- UY^<2<Y 

°-M j oj\d tp J ojydtp A/m 

^ c£^f*r\i© X m /\ 

J* ^ 4 j | J 1 oj U*> ^Jj L*> I j I Jjij 






m 


cJuib AL^b i 3 Ojlia <Ss b 3 3>- 1j &Ji 41 j Jf L~° t y*A A^|»i^ A>-y* 

ijiyijy Sy3 .ayj>- 15 ji d^ii^i Ij yy jy b oiy^ 

JjU«<4 j _> aiL* J>- aj 4_yyy l£ 4 bo 1 ji .ijb ^ cr^J 3^ ^ 5 “^^ 

y ,c^l jL-S"oy i3 aj yIS" 1—i *g*\ oy^ *» ^\c* 

e>JJ> ^Uyl Y*A y>=j J-a jby I J cJy4**y jbb _j^ jyla jl jly^ 1J j>> 1* 
yyia jiyp aj i__i9^ ij ^ i L$j\x* oyis ajT j*yyiy y iy<_^ bJi^ .cy 
jy oyis y i^yr .p—*y_y c*y yi^jT aL^jj ^iy jy A^rybi 

.ijj JlaI i y> l^Ia jf> 3 £-1 JP-1 l ^y Aj a) I—< (JjUj jJi LS^^ 

yb j j>- }j y jl* y y3/1 y j^y l$*-k a ^ i* 

,j+**a 1 ji jj+aw* <j Ij ^—*>1 l£jL~* C—-Oi 

0 


Ji A_ifC-^l c5^y O—jI J gy f C^aC^Jf jUa 4cJjj y A_j b <jb^>- C-*w» C^>- 

f .i_y aJ/ by Ci jz^ <3^C.*£>■ 

o^' I j / oliyr <y ^ csIa* i y0 ^ l 9-K aj a*>- 1 ^ b 

j jui Jial_^>- / c-»l a t l) 3 a t-o c^La^** w* Jy^ H (J^ yi» I 

LcJi 3 J. I ^. 4 3^3^" ^ JJJi aS^ c A***j 




AX-J C^l—lb—a J 3 ^ H Jiy- ^ -^"»l 1 <jb^r>- y°y (ill A jJ^*' 

JL-w ^—j <jl— ij>- o_$>- ti>^l 1 jl r J>=^ 1 J ^ c^jL*^ b 3 d 


a> VJj ^a <zl2>cA 




ijf+fc Uifl JjaQ i rvf 


cJ I . i J — I ^>“ o Xi ^ ^a<^s>t>s q j,ju^a 4JL*j4_ST* j L) ^ 1 j> (_£ j 

(3^i ^/T <5^1 yr ^ ^ cXIxjj li^ J cjb> ^ ji (<jba; JxXl) ai Ji^5\J I 

Ji L ( y b jt^ A Ji // 4fll jj aLJL j& JJj aT (jb>- (J I ^SvZj’ I .C— I 

1 Jjb 4— i j^a Jjb J^ ^5 J*j aLaj 4j J j>—<JjJ» 

H 0_*>- .ivi O^-o-j ^1^4^ L" ^*3 4^bl Ij jb^jil J (5jSo 

j b^\j b 3 Cl <-$b^w> Oy^J XS^^5\0 ^la^/ Aj (jJIaJsaj jl ^J&"jj,b Aj 

iais j Xlojlil* j—A j,— jI J.S (Jl^Sw l 4j fiJui 45 Ls?I 

.XJ L5m ^j L^j <s l^j I j>- 

j~~' * i *—* M y^ ((ji J j? oL l5L^j aS^ d^ ^ -j L 

V jlj"> i (_j>-b j| jl —j <i-\j Ij jl A$\’>} jl Jju 1 j Ji JUf 

jb Aj 4lw ^-* 4 b* {£\j-i Ij jl y j^j 1. ^Xf" p.A 4 j <^j|J-a Oj4 j p.;ib 

^a>iP J ad-^J —AjW* jlj^^ <^“3”^ jl jA (j^ jij O^Sb jX* l>t*J L 

ji jj^zp%a j Uj>- xiL oXX* £_Ui Ujl^y j5"l z y jj J 

^j? c5^4ii>*tj 1J jl^ ^ ^ * l —J l>- li <jlj y>~ j La 

C^^>V^5 AaL- Ut-ljl J-iiL aXi (j I ji a5"(^^9 

1>“ - A J^v2>a^ (j ] aL*^jJ Ol{j>“ jV;Ai Jp^> I J <L*-A i A^-*J aJ j+A A J 

As^Lo L pj L=^4 j I j AaIp- pj I y ^jA djti .X^" ^1J I j ^SsX^V A>cAv^ JLj L <jb 

ij 1 -j _/r J» L- <iX—j 3 <>ys J5C-i j-^Aj o^/ Ij l_ j jUi L u 

jjs^->o>» jl I^J JjJ 1 3 <x£ 3 y& A^jL? jl jL ill (jbwJb 

3y^ 4>oAvi? jl 4j j| jS\j. i jL J C-'/X Aj _^Ij>- jl jL^j Ij ^ I .c—^1 

• £~*\jAi0 {S3 [*^A ^*1 L§j 1 iSj^ ^ 3yS>sA (j Ij ^>- jr JI 

C^*J ^IiAxj 33 ^ tjl 3 *I Aaj**j jWA ^ ^ L 4j 

j^jI 4 L -3 Aj A_S" Ij^>- ^L.A ^ A^J ^jl) iJJ I c-?Lu>- Aj 

(j“- ^ ^ ^ L5*^^ I .3J-bvj ^j-U**) | 4*iS*" j! jLSvj C—J l-J^> Xi* I—j J^v35*v* 

J tSsj 3 £^&p? XL jtjji 45^3 *—>[>-Jj I iS3 jb jl y {£* b £ 2 3 ^^ 

o*-«-j j 4>tj!xJ? j I ai^S^j^Ap 1 jL^>- S j*?r ^3 '***j oT jl jJj Ls/> 

j I Jj (jA 3 C-A*^ I OiL J b**J ^ 3 4j V 3 ^A Alu*j ^ ^a 4 —S^X.s ^aI j>* 

U- ^ jl OjLp (ji J—> Oib (ji 1^ b ij—|t*^*» J Ajs^i*/? XL Ij j I 

JiS^jIUa^ c-a*>) ^3 IT j o-L2> 3 j~~a aJL*>j Aj AS" 1 4>Xv^ 

.j*iJ-^ C-*^i 4j ijjs^ja A>,ij^? ^J|| jl 


aTIj . JL 


LS -^* 


j XIj aL«»j 4j 3 3*&p*«* 3 L JTjl Ji2« ^ ^ 3 15" O 3 * b $ j> 3 IS' 



rY* jftAJ b Jf«X j; 


iXLj Aj jjj^z^a jLy>- Jt ^j\<Xp.a i y^j j+a 1 (^jl>Xa Is iy jtS" J 4X~.J 

«4,** " ■** I 4*««J ^ a*m^ 

J. 4 L->- jtji Cj LgJUj AX-^J J-Lj jl OX^ djbji (Jl>- 

S^J>-3 f*A (Si ^->b ->1 j* l* 2 J t£jj 4Xij .pXS" ^ ij-1 IJ / 

a— 5^*^ A \y ol-ij jlSCb! .ij— ^ji b a3 Lw« JjLj (Jj) .c**«I Ca^.>- ji 

L-j 1J ff j) X<-« i jp-C> b4fiJ J,* Jb b Juu .C-^’ ^ j* (p 1j 2 C^>- Ji 1 j*Ju 

^jl—>■ <— 1 jl Unji y^> a5Cjl> i .i J* {j^ jljta j+> oy ^ ©iUx^l 

R 5 dL c£ J b- A^Tiiv ?ji $dU c^$>* a£* ^,5sj 1jj^y> diLb-**1 

^ 1; Ja^5 61 -? c—-! Hy o ba H sjtrj* ^ S A V' Si \ ji W a <p c^>- 

.c~-1 r 

L> i (j I Aj JJ jlX<^ ^ *“ J ‘biu/l Ij (£J~»»a j> ta 

4—S" JJo^y ojb-1 ^^Uj l —j -A—a Uj ^ Jjl . Jui L C-;Ij <j \ Ji J y*U-« 

<_£bjljjU.*i Ji <-y j*JzL^l>- 1—j Ij j+A | <_£->b— fl 6jy LJ> ^^1^-b ^aJU?l>- 

(ji ^ j-J b J O*^ I 0*^ y A^" J ^ ^"»***S _^,5 4^J I L ^ Jl l^**» I ^ 

Ol^ C->d^ oi J* (^- 3 ^) fJ- 3 ^t£^lw> ^—1>-1^ vy jjA^>\>- 

d^L*^ *)j i£ (JI^j,SO I jJ-^P 0»-*^P j_ lJ j! tj ij^y+S? UX* 

« c-wj ^ 1 ^ o ^ ^ 7? a^" i ^j**- jl C-**~S j! Jj.JU .? c—-I 

l5 j I *-^» j j—? li j J,^ l_7 7*”^ 17 (JT! dy 1 ^ Ij ^ ^ 1 l* J li* 

XaI js* jlJ OJj-^> Aj ^.^1 


_ _ {* T TT f* Y 7T 

d) H *dL = / Hyrdy — Hyrl dcp —H^yirr^ I 




I 

\7Tr I 


(Si b,t I ^9 UT Ij 


<J ^ l (_ 5 jl O ^ 1 ^ - 5 j{S^ d jb Ji t _5 < 1 >I^P 4 j 

J ^*-jJ jJ Ij / J5^jbj>* jl AS^Jb j&j Joj Ji Ij 

Oib <jlXj i V»A) J- 5 j^*l ^5>- (jil .O.a-1 — J (jb J>- (jl 

C^L&Aii^j* A$bj 1 t£\ ji 2" (p b a 5" >Xk tU <Jj Uj .lL^I dXi 

AI*ij ilX*7 ji L^Jib a5v!jI L (JIIjs b‘ jl ^.Jl y> tj 

fj Ol*X«a 2 Ai]^j> ils*Mj 1 C-P I j 14li J g-Jb . ^*5^*diliiLul JSJj u dJui 

aL^j a-j <p — (p^ js r = r s <^1a:^j jl ^Ir <p= o ji U!j^ oj^Ap aj 







J otXi £s2>~\ jj&ii (jl i jr?" (J^—>■ J> pS* Jl, ITlIIj ^j£> £-\aaA Y-A 

<jO_> Cjld* 0:5 b> c£^b aJL ^^ 

l$I( o) -0^1 cSb^-J^ J^>* ^ c5jI«Ju» li jl 6^liLi*j| ^laA) 'jp* j>z> 

I j s ^o ^>1 4 _T <±j~L ( f u * H r ^ a Jy <p = + <p^ 3 r — r^ j* u\ij> 

H = Hy dxp k ^-1 ^J^». 0 1^ ^ c5 ix^ 


^jb jl^_J <p = — <p^ 3 r = jjU^ j j-Uj 4—S'cSl^zij ^ ^ 5iJ 

4a) J^ ciL Jajtt ajLj:j .C-**l d*4«SaJit^ <jl*i*/ Y»A) Ji <jjliitJ cj9JL>* 

r ^ ^ ^^b ^/f 9 

^U-i 4 fl <jl 4_S'; 7) ]^> r ci) r ^ cslojji jz^* v ^i 

^t> 0 j* 4 pLjz^i J* ^-ji>" cS^Ia ^U*S> 7) 3 ^^-b lS^Ia 


jj* = 


YW 


/ 




l»Xfl>5 ^US' <* 


>Uc;l ^JU-b l£jI*I/I 

:l» o 


i^jLu-a 



rvv jf Jj Ij UjU 


H 


Ir 


9 ~ t'na' 


(r<a) 


j^.^gis^A ^ L j>- Ji>i* L j [>■ l a ^.>o l>- U-i j) jS jy. r £l*-s J l 




H<p-° ' (r>c) 

j^1 J^b J> \ &j>-')l \.j 

/r x — 6 X \ 

r (^7fox) 


Y9rrff v = J-/1 


c x — r x 


j Y 77 r c r - 6 x ^ ( b<r<c ) 

(^ Jh ^ <-5l j* A-A jj Js> Ua* j | Jv,v» O JL2 j OI j*Jo 

oJui 45"c-^b jj U dJU> o^b jU-j c — j J — 61 j* 

Ijst jS\ j^ ojLpAj .c-** I ol^ob {$JjA ^b7 j^j jjJL« 

d-fcl jPw 0^ ji>* jl jUl* jL**o jl Ji-a O JJj J y&S*cJ* lL*pIj £^l*Jo ljJ 9 ? 

.Li^b >-\aI ^ U c5 j*. U<p j 

J <_£jb^ j! Jl>“ ^jil ,0^1 ^^-jU- jl-L* 



^ JIaSj I -Lap- lLL jpLui 


t5“‘ 


iJsLkii® <_^l OiA^ii A-A 

, OlXi cob ^)Li.J J1 l*-J I 4 j 




^Uttjjsat f YAi 


I ft •nr OjlJUl 4 f JL>- ^ I X* ill J-A 4—5^.iJ2 J 

t_ t JjlSj) 3i J l ^° j- # l ijt\ ^ 0-A>- )j <^i 45 "J^S’"JlJ y 

^rr y J* ^ J I c^bj o^ij>- 4$kl ^3 c SJy** «I?U^- 

.c^b <AaI jSJ 5 j>~ jji>«^ jl *<U jj 

<L>cj 1^? ji ^a JkS 35 Ij <3^ lj >" jl L^I^-iV l^J <J^ (jl jAP- 4> 

4 —S^J6' sts ^ ul ; L$jl>- U> y £~y> Jy>*A ^tlJ.^1 3 4^ib j\ji 2 — ° 
J &.j _j* A^s^a jk J %3>-ju0 35 ^ j ji? 4 —) (J^ 1 ^ ji o\—-ij>- 

^SvJ) 35 K — K. y{2y O^ij^ C-^ I y Xj l5v>* Ij k V .0^1 fli-LvO i^oul; 

4 t k>%k*p jS I .xS' y 3 x <-^ s ^j{ ^y VA 

.JUTjlJ _y 4ijj^ X‘1 jj^*/ (^t41-i> j 45^c-^l IJ ^ 4'3j 

4,5^41*5 >J CL^>- 4j A >y j A H *1 J?“l jllj jl jbf — j-j Oy k gJ'A* 5 ' 4j 

1^,17 3 j&^y (S3 b*<* j} ff x yi\y b »<Aj' y^^j* ^Aj lojS"j1 j* OjliL# j^ is>4j 

(_^L^la>- 6jU jl xS" I j ^ — \ r _ y ; _ Y—\ 4>wj‘ ,^jb H x §ii J» ^-i 


ijb j fS£’\j» 


J I^caJ I <33 -I 0>A^ 


H^L + H^-L^K^ 

L 

h+-h« = k 9 



H • 2— o 4— j$ K — Kyd y ur*^ 1 c^IajV ^*A 

^ \ — \ 7 —y r —y— \ c£^—J y^r- 1 <_£jl^—o 0^1—5 JU^I i—> (jl^-7^ Ij 

.^jjT ^ 4* r^r'-Y f ~r~r 




m jfaj U ^wJsrUic 


j t j U-a j j^ 2 >e^ o k j^- j> j-i <—> U^>* f y*—'" f f — y ^ v y* 1 J l>- 


H„-H« = K' 

ijj J- ^ 3 

H«=H m , 

tS\y. H x j. lL-** i jl—50 2 C.^*- 4 ^ ^ L.7 i£\ j* jIJJL* 

^.w-is L ol^-a JJ c<jjla7 C-J^ 4 —j I j— j L* -C—^! ^5v> 2 j-d 3 ^ 

A^dSv^ cj5*V ^ J^> ,0^*1 I jSi o O^Ls jLL* Aj C-*^J j Ij; J>- A*y i 5jis ciij 

H = -'l,K y (z> o) 

<j l L ji a5\j ! J l>- 

#.= -7r*, 7<°) 

Ij 4 >*Jj Xilj ^£7jl>- 4 ___j 4>-j^ 4 jV i j^P Jj>~ IJ jl^jj J* I 

.^Ij ci^U^ z jO*iU j*Uj l£\j Af C~J>ji J4; jl j*i£+ 


K, / 




H='/ x Kxa n 


0 


K. — — Ky dy iXilj c£->L>- ji <^*35 o^dj^ 4 j V 4>tj U^- 

cjL4 jV ^ 4.^-1/jlJu* 45Tjli7 ^ y ^ aLj Ij *jX jl j> 2 — h.J^ 

L o.** 1 1 jj j 


II = KXd n (o <z<h) 


© 


C-.^l c£jlw= j.S.0 LS/ J 


H = o (z <C ° 4 z > A) 


© 


jl i^a>- J,_^ <_£l£4ij j-^aJ ^/T* I (_£jl^ (3 j* ii 2)jj ->£ 3 {jlj* { 

iglfyltX** ^lyy./l.i J jtjL* _2*> OjLp (jijj ji .C—>j1 

0j.>{* sj» J& J>-1SjIj j^ jji ^>-1 ^ Y 4 ) ,0.-^1 ^-,-Lliv* 

l5^>- j ^ g^U-i j c-*j JjJ^> 4 —j l$I4j'I C*s>\ ^ tilj <S\^ j»* 1 cSjl^T* 

e<A^< oli j—^ jLd^l 4 j ^t_i) I ^ °*A) 4 

1>?ajI Ji 4*^1 jA .0^1 







f TA° 





>AW^ =Ar ^ 




p _tf£- 


^ Ji ->ji) 


R = r<a 
R— r>a 


(_£^a1s>- <jb ^ Oj J ^1»[j ^ bj 1 (^i^i ! {lji 1 I ) ^ O 


J^Laj jji TV* c^l^j 




- M • K-K, 


H~K a a z (r < a) 


(< 5 Hjc 5 


\ # = 0 (f > a) <v a) 

p* 4 —; _? ->-> 3 N jl j L o^* J**-i (j=?f, (^ j? I 

b C5^^* dI <-Aj 1 4_j a 5"111 c$!^ & (_£ 1 AlJti j 

j! c—JjL^ X/jb jly g*j 


H — a, (gti p:*- lH* -» ls^ 5 - ^) ((*) 

_?i jl ( J^a\j—i iS 1aS^C..-I silil*«1 U J-' 1 -J 

lAs J* j i _ji.j si j; jKaj j,j»u j L (_5 I ji 4j ^U-l j) I jj 

■p 1 **^ g-.', p*-j 4 j ^> 4jb? U ji ) j) J$ j i 

ijl tc-^1 aXX ob ji-ij ^ \ jSCijj aT c5bj^>* 

fuj^J \ \ {£**- i L5‘ t ^—*X 1 U- (j>lj.f ^g*Jip\lkA (jlj^i oXi 4_Sbb <jLXj 






rxi 


Z 



N jji 

_ NJ 
~'m a » 

n 


z J j>+* 



K—K a a, ji r = r 0 ~a, z~ ° 

r n —a . . 

H = K a — — d<p •j&Ajruj* 
H = o - £J U 

(ji) 


(j^ 0^>- $£ J^l>- ^5* Uj I Ml) M-AJSA 

. J <s\^j (SjJZi ]Sf LS^.Ojr ^tjo-ei3Jjj eO I Z> 





v —ja c I ^y 
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.^a 4*^-1^ ^ c)^ £- 1 ^ A j * ) 

'tX v^A/ 

4jV jJ J c£ I^i'LL- 4 0^ <\ 2A>" JA lj /f 

L>ti^ ja — &a m A/m -? z = \ *^>-*^ ja a<z„ A/m tsL-*^ 4 _j ol-o=r 
. a y 04 ^~ v 77 A -V U ^ jj^a t5jj okj^ ^*j <^i (v) • z = — \ 

l aJjlj la — 2 J j>%a y o l J_*>*>» ^ (S3J fi%A ^ JL^J b>- (^) 

c^>- ji /= attA ^ ^ Uyr ^‘c = ojfm ‘ 6— ?jY t ° jy 
J = o jf A J “^ 4 j l— ty? ^ jL? c£l<dI ^*j p**j ^ .jjdSC <j I j I 
L — Y^pi 3 a~ ojv 3 N— yjooo ioU^L^ o ^ ajJSL <jT jl c*4>- ja 

p^ .Xitj Ol^2l>^ \A*a ji (jJaL« J Ia 2 JJpv 4 jJ JjJal* (_/0_4>t^ aT 

^ — 2 J J? J ^r*e>» ^ Cj 1 ugt^c* IwX^^.j oM a J*j£ j* ^ cSbj^>- g:* 

j — ojyttA 4 A—Yj°°° 4 fl — 4 r o “ °jY tjl oI*j2ptJLa j j,^1> 

'\J?3 ^ ->* <2 Z ^4>* 3* 

— T°o°^ j Yoo^ J f JY&a y .* — \ oa a j £a y A/m : 4 d_?r 


JjT r.A 

L_I jjiji lLL 4 _ s Oy ^ (j{ I dL^I b I j ^j>»j>tS~ 3y ^ a*) lla^ 

lj j^ 4 l iSj 1 3 —a (J_^/U Jl_?- .pj J^j ^tSjJyy ^ J cji* ^ j 

jj U 1 J (JIw> J>-TJ J.^ L ^ ^ JLjljii C-«J J^*- 4 ij J.A 

0yii jS^-i o^J3 1 U js ^Jla . Jui p^i_^>- lut-l J ^ 

. CL***' 1 1* 4 i IJU 

_>■ <CL«j j** 4 .a J j’^J - -C^' ,> ij p.j ti Cj>\+&j>i.a &lS\I**j.i yJ 1 >cXj 1 

i i —j j? - C=5** C^J 1 -( \ Y-A J^- 1 ) '-r 1 ^ - ' Ay J A# ^U'l 

J? iU«il ^'IJL* (A>-J_S^jJaw I Ji lj jl Jjlk aS” 

.jl cj-A-it *o JLib 


H =H X a a .3 r H u a u -\-H t a z 

0 a?o ® 1 y 0 y *o i 

H • AjL j L :i I Jj^>- 7 / 

Lj Jjl ^j>- XiL> \_y—Y'—Y— ^ j>- 

(^•Ar) N _ T = ^ iN _ t Ay 


Ji^S jo I 


fAf 





£->-y jlJjw 

^ S* i£ A ^ 

i 

Cji'' t5- 

JJ -ff y ->'-^ 

<L5j 

‘ J £ j* a- A® / Y 

5L>1* J a; l _~*&■ ji 

b^ y 

os" <j1 

yj. 3 jAw. 





:iJjT 

C—Jj \-Y 



dHJ \ 

<1 




R,.s-i= 

~~ H ’- + 6 A Y 




^Jjb ys«A l£^*i iiJuvfil 

(H>M\_ r =H x , x _ r ( - A*)= - (h. b + y ^ Ay)A^ 

ij j a^i^i Cr^ ^ ^ji ^ O'i j 

r _ _ . /dH s dH\ t 

§ H - dL =\-£—^)^^ 
jjS Ij j>“ l> 4 JLuj j+a+jlAJS j j*,az>iA (jby- (SJ^^ ^ ^ <—^1 j>~ iji i j*a I (^jl Sa <j y 1 U 
‘ j J™ —J y- l5\>- liij y?y tj .JJi>I j JUS^J^**>0 JA j! ^ 

- -- ■ jjj) oaI j>- A/==:/ a A# Ay jj^>^ o^y- 







§ H ‘ dL A * ky= J z Ax Ay 

li 

$H-dL . dtf, dH x . 

J _ Jr _JP_ j 

Ax Ay dx dy 2 

ijjlj a»- ji j aa. a_*I_j=i i5J aL 1j ajJ> silj J** Cj j? I 

:ijj a*!^ jl jUj! jjj 


lim &H‘dL dB dH x -—, 

A * >Ay ^° Aa; A j/ 

jaIa jLw j I (^jld.4 j ji U jl L 

' A ^*' v 3 )A fi A-,***J ^ (J I jSsl» i ^A Li» A —5^ 1 J i£\ ! J 4j J >%A O ljy»- b JJ 

^Jsj ,C^>1 c<jl— j y>- l 5v> - L ;j^a>v * J JA jQj>" J iJyciJfcA £***■** 

dj —* ^ ^yj I 4_S^ (SJjb *J Ay jl5"*4i ^yjiS* oy G AJj-a JA Ij <yjj 

(-S^ 4 —J jb-J J 4X-J jl oJ; JiS^jLt ^Vj Ay I^IaLaI J J>Li 

jli J A^\3 )s> *1~J ^Ja^jl aJUjifjlA. ^ <ji Jsj Ij ;jl 

4^>1>c4 L^jL-J4j O^J C^iy C-i i>* Jl J& JA jl bs>* li 4 ^>sjsw A^-\3 

.o-l f jV Jb* 

ja jt ^1# jA 4 ^_j L$; I uyUo‘l I j (^1 c—a I JU- 

Z 3 y (S \—fcAaijvi o 1J —“^ (^4* 0*33 l—J J—b a y*£- aJb’LJb oU Z>za j *>*a 

Ojjl Jj <jb^ J l£>- 


lim j>H*dL bH £ dH s 
Ay.&z >- 0 Ay Az ~l>y~~d3^ J * 

lim a/f, 

Ai.Ai—> 0 AzAa; — d 2 da; — ^ 1 


(& 


J 



J> lS>- jl *iL yb 4^ (y') j (r) J (\) ji 

ja a 5^ L5 5^ J /f 41 —j j *—>a J i j5o* f o—J Jl>- ji ji ^ ^ I j <j ^ y>- 

<J^* ^ J 4__! ^fj3J+0 JA J^ Ajl A jiy 4iJ A 

ly I 3 prdtiO* yj (jl* j^i A c5 UaIAj JA lja^^.1 J^\ki .Ajjl CwaO Aj JJ5^ 
(Jlj5^I/l C-*~j J>-jl j I 4a3 y& 4S^C —^>1 c>->Ia Jt jlAy ^ 3 ^ .JjIflJL^li’ ^ 3 ^ 




rA6 


4j u->AiiJ jj A>c i-^s Jj £-3 lj ^Svi*'* (Jy>- 4 ji-i^j AI^-j ^****» 

Ap^jj Jb l# . -b I 0*~04 j JjS' Jy ji^5 C—<*.**) 4 j 4jT J j,^ j ja&pxa 

^ t L>J O^jj .C-—^ t,^ 7 l ^‘ sia ^V ^ l^2l>s-4 6 l£vl<*0 4j J*j>. ^y> (3 4 -j< 4 y*J aS^I i 

IC-^I ji J J Aj <*Jfl> yJ 


_ lim jiH-dL 
(curl H) n = AS »~-> 0 —^— 


<&) 


J3 alft J Aw j^a J)j5sl>'I ^ j j^>ka £tJa-** AS rt o! J* aS" 

J j Aji] %.* aT j^i-VTl ^j! .Cw! o I j>%\ 1 C->Ual>s^ oLSCwO 

.0-^1 5 **&■ AI—j j?*** y a5" c^*j 1AiJ o Lg.A 

2 J y 3 X <£ ^Aa3 ja aS^ jlij pj \s oU^» d ISCvJ.i ( f ^ i_fljyJ 

-> (r) J (y) j (\) ^hJ 31 H Jj? 


curl H — 


(bH z *H S \ _ ( fdH m dH x \ _ f /d/7, dH s 
\dv~ dz) a * + \ dz ~~ d X ) a ° + \ 


dx dy 


) a » 


fe) 


U Ly J> 5 «iL C-> Jy<s£> Aj <J I y I J Ay«^.Tj I 








a. 


a. 


curl // = 

d 

d 

d 



: 

i 

by 

dz 





H z 



<Sj \*^ ->j ; I yj 


curl H — VxH 


& AX 

m s- L - 

b) 


U ,d^l pj li oUi^ olSCuo i^l j» (y) cJa> yl jlS^ 4 j>xJo" aJ^U, 










4 —i ijJ?** *JC^jio ^ 4 (J_aJ li 31 fiiUl*u| L 1J Jsj 0 (ji^ Z ^ J* 
cJ_4^> uUa tj Ij jSv} fSj ^ojji d~*o ^ A y j Ax 
J. -? <J*u (?) ,^jjjI <w-u,<J U>a (_£ Ia^^wi k_^> Uw' | 

jLv 1 j I jiji^U 1 4j J jjliu <j I j5\-i .d***l jtJ 1i SLj 1 j 

oiujUj jl o^lcM L j d-*^ jJ j >-ja o\ jl (y) <bU* *d-*ut 

.cJ j> 4 ^; jT 31 o (a) SI* u jiy^ tcsjb^yj j 

<f cS' J> I 'L*^5u>t^s tSlgalSi-i Ji H vi/ -la; bj 

J *A/ldkX«l C-~*i 4j (¥) lJi; jt l; 














r ay jfoj b 

y ^—>* IJ J2> L$^~ ^ ^ J—I J I OJ4j ! J 4>- y 

*u*c5lo I c-~^b jl ^y>^.» c-*j \*Xj f^i}? jt j^~ cjw^j jjil p> 

J3 ji_j .^jb i^ij? j%*> *» cs^ 3 ^ ^aSo! <£\y xS' 

^J)^ 3 p_j ^33^~ j"“"* yy*^ I —i ^*$si I ob- C^t^* 

^-j^aJ tJjW? jT jl jA+0 (S 3 b* d I jSw I <^i I 4_^ ^ l^j' 1 jl J (j) £ ♦ *77!, “ o 
Lt^>u ^>H*dL—I (_g**» 7/ J*^»t ojLjji I j~>i .^Oj5^c5j^ ul 
jjit a—Tc^I J jJ «jljj^ aj l^)lj^:;i ^1 jl <il y yyS' 

a-b AZ3 ^oVL-j di.J ISC» pip jl ^jMo^l 
jj 45^o 1-V jl ^yU-uS j* yyjA^>\>- jl t (j) H • dL ^ <■ H u! jj^ 

45^^-«l5vla £-*>* 3 ^gL*Jlj«o tL~^i c5jl Jjl aI^L* 

0.^*0 4i ~U^5*^,a C-** O-*^ 4j t-gj I ^b*~ J y^> A) JLwIjAO (Jjt^J jb Sjl*Aj t 

jl jl jt* I c5jl^* jji^ .-A-iU dl>-jS'c^iif^ cy~^j C jV j: w«> * -b I ^ 

^I J>-b jl t J>>i j-^U A-tU j*w« Jj>* ^'bji t5ljb H jS*J a^c-w/I 

K l)I-^.3^ a3$“ pAWb> ^ I <_£ l4 J IAa-4 ,*AaS^"_2 4*^ 

ex'j>- (^i ^ c-VJj ^1>J] jl5^j1-\^ aS* c—vj 1 4__a^ A/ !j c-^l c5jl«^ ^Iai***j 
-owi c5jb-^ c^IaIavj j* Jj>- J j L (j^b 

(_Ja_*v^^!ta,^ ^i»\3 o\)3^ C^jj+^>A —j !j <Jp_A/I^I^>« tJU»- 

} ? Jj .5" J jrf2>e^ Alai!/ »ii—j J3 <J ^3 ex*> I <^A>" I^’-j 4I«*j j+~^a t p.-^S'" 

O ^>- o**^ 1 y^> * l H J/UI . lL-a« i y^p Otjl jji *Ai>lj y*p o»>i t> 

^.0.-^1 (j l J_J >* l5s>- C^-9b''*I JI A« j_4J* U jX Jj>- IJ Ji 7/ (jl J3$ 

•[(r) j (r) s (\) -Mjj *» ij-i 

J)) jl < ^ : ' A_> Ij jli^^ til>-j*- 

2 Jy » c^jb^* ^ * J* <J^ j 1 (jr^T ^ (3"° XJjya 1 Ji .C-^jI 

j y y m \ jI^a* 3 X& 20i 3 t y 3 j*} yA c^l—jl iii> jA 4_j JJ I y 

j$ i£jjb b o j -^ ; <ii-v j^r fo C^ljJ -C-*^l y $ 3&.Z' 4aJ y lj l/* - 

alS^T I 3 »A^Ij J / & $jj* Ail %a U c^4>- p.» u I j j>*p AS" 3 j* ijlA^ J>-b 

J j> Xil-j cJ>"^>- ^j^r J> I .p^ ^ ^y <SJ3 6b^» y U Aj 

jl tjf b- ^rT j?y 3 C-«*l y^y J jSe3j** jXy cSl^jjlj ^P y> .c-^l 

^.aa*" aSOj jj,,^ j^aX) Ac6 3— a iil-J ^3^3 y 1 2^'^ ^4"” Aj’ Jj,ii^ ^ff I ,j/C-A^jb yX> 
y>C^^~ Ij p; 54 ^ JI ^ (jl-X^ J>-b J3 l-> ^ j>- jjjl JoU J.-iL \SJ* jb y ^ 4 ^ 


>* 3 * ^>'j a £=>l^ ^ Skilling . n 


^UiOjsOl f AA 



A 3kA*> Ojk Ij L-)l OPJ^5~ jl <ui j^> dL (t-fli I) 11T*A (J^** 

(j'di Oi J^k tj Az£ J dJ-j J^*- (jli-X^a OcO J^5"~ (<-j) tj'di <i^l5" 

. lOi* 1 1 D<JlW 


Id tj j — S' o.gi>- ^jj 1 ji .i^d^ 4 ij'd d*f j* Jj^ —■ jjLS 4S" 

.lL —lj| J Jr^ A k O-g^T |t*A ^C-aaI J Oa-O dldtSo! (j j,i li Aj 

\ Y'.A) "Aj J-i 'j 4/ ko j j dL_ i i—j I ok./?' t3^ dl^P 1 At 

Aj L>Ojj oS"Ji ^ l OP.dAi^« jLij 1J 4 j k^OJJ dL Ja^jJ J jk £_kiU ((J I 

c>jbdjj J> ' -*k k^ ^*> Jas*- J*jk *? 1 04 a- ji j o**f jio 

JL_P IS" A>*jL^ ij-*P j l JJ>*ua A$"(_£jjk 4 j 3jd O^lj jl^9 0fc ^ did/ Ji 

j$Lt L Uj j —*' fji ' J 2 Ja d—d'JJi OP 1*^ <£ 1*>Aj ^aP 0^>" Ji (ji' tdd k 

OP j** jS I .0^1 dpl£" 4>tfl*a _^; d^Ji ^ JJ J ^ j^P C^> Ji J J> AjiJ ^a dk Zjs^J 
l_j) ddL oj t? jd Ad 1 >ojj u-^o p ildi»l j sSj iSj~f* A/kdiJJ itdl*l J} ol 

A& jA Jjjl o*J_>* I (d* L_j ^iAl^oUSC Jjk Aj Aj l^-ijj c-J 04 >* J> I ^>- 

J>-l^ 'JjJL) A j i —> I oP j*# J J± 0^>- J Oa*1 Al i— >-2JJ Ji i A& j}* l^IJ 

. 1 ~ - -AJ j k^p IT \>\SU+3 

{£ I Ali J Ia dl^ Jj^>- Lm o I d*<a Odd ^ O ^ ^ * A ) (J^ 41 

d l jld i*A_d^co' ^ I ji A«_5 ^^>0 J^ -d^s^^ j IJ Oj Lg^Af JL 

p^ a- ji t5^dd' ^'d*j ji aS' dJfc^^4 d'--j i odd oik j!j3 dldaO 

Ji A_^o*-l ^/j^ jl jdd"J^k Af JjJ ^y m \ fj J i^d^ 3j1j opU <^U>Af yp 

^d'd ddiU Aj jl£j$jj AS"ildjJjJ OP Lj (^IftAj ^aP O^p- C>dki- 





Owl-i C-> 'js» ** J Jcs jL>- U>J I J* I 1 4 f *A**»j^a ^iaj 4 j 

C^iL^>- .J.^1 J J&^ (£j[~+a ^ j>- (Sjj J* J* *S 3 J'j — JjlLtS" yA^L CL^J2> 

J\ H = (l/ Y w)a 9 4-S" ^*T 3i Ij-ij '&-j*' { j* cJ l>- Oi 1 ->■> C^T 

:c~*h _*>* |> : *i j\J (a) ^ b b oT j\j3l» 


curlff = 


djy« _ ^ 

^ a r~^~ 

dz r 


d(rH (p) 

a= ° 


dr 


Jl^^Swl t£Jl> 4**ab&* jt j (j 1 uJajj^u jf // jl ll* Jl 3>& 4j 

H — o 3 z^>° fS\j-> H — ojyz r d x \ f A 6i ^ >x ^ y 9 J ‘Jk* tj 3 ^ 
(o j o 9 2 n ) ^ y L d £^*0 *i (j* y jir* A ^y • ^i- 5 ->-* 

jL§*- ^l-tul 1 j /f Jlj5w I t.Z\ ^> ^ j^d ^fSjjb Ji-iL y — o 





^ z o 1 y ^ d aj ^JSy> ^.i^A 4 z~j> 

o,> l.sULu/ 1 H Jjf 0 *jS T 3 (j) // • dL v-rUs* <^t j—j ^.jb 2 — z^ 

. f aiXu/ 






: ^ [>za Ja>- 


:>- ojb 


§H‘dL = ojy(z N + 7 T rf)V + 0 - ®->Y(z v - '/ Y rf)V+ ° 

= o Jfz s d r 

(J;- 4 jino Aj ^ rW «» i^3 ‘J»- Ji 

f 


H-dJL ^ 


(V x tf) y = lim iL —^-— lim—^—= °jfz. 


VXTI- ojfz^a^ Cf^ 4 -^ 

<Jf ^5w I <iL \>tA L—j cjjj j?J aS' 4^vj I ^ J 2 ^ 

^ia> Ji 4.1a/ Ij lia^* Ij ^g-> J>- pi' ij**}-) 0 ^ia>- 


V X H~ 


a * a y 

d d 

dx dy 

oj\z* o 


a 

dz 


= — (oJY2 T )a ,= ojfza 
dz 


♦ C-^1 y m Oj5 L z ~ Z\ * I jl Aj aS* 

jr** j^* ! t^jl^* Oj—> 1$ j-» ^^5^7 (,^1^ (Jl>- 

^ (V) J (a) -?(\ w )j(y) J (^) Jajljj 4^-Jl ^.3 


, - _ /dff. dff N 

curl J¥ = V X // = (— 1 — —~ 

V dy dz } 


VXH = J 


a? 

^ dz 

-a/J 

> d t (\j) 

'dfr f 

dff,^ 

► d —J 

^ doc 

dy > 

z 

A Oy\£ ^Cj\4^e»li 3 



(n; 


j^ 4 j& ^j-i Jj—f L- 4 <1 sUi« jl^ jl 4 J 3 U* fy^3$ aLj Ij ^ I 




r\\ 

bbbw ji yJ I j oV^U» jj i 31 4bU° y ^ W»*iI ->■> ^ 

b cj> £ *dL = o c^lAlai* ^-=^1 


V X E — ° *■' ; 

I dJ/T a. a j 3 SbU* .c^l 

f*A Cj?.j^ 

t£b&k>- •jL j aU;*l ji b jp Jlj-5o‘ 1 (cJa! I) : F = Xya x — fx r a z £• 

(\,j^)^(-r, \ , \)<;(-r, s -\_)^0, \, -J)^0>',0 

Ji ,F J y Aa\ J * J J yOS^A 4 _J (3 J —9 J| J-Swl o^—> (l->) ^ 

.(JL^ 4>-j7 yJ ^j^ab j >-1 \ Y S31-** 4; J -JjS" l-»L>. b ( — ^ b °) 

• U MAMTf :Uf^ 

// ^ -uT !o_-j (a: — ° ? y — \ ,2 — °b | V X /f| 

r T sin 0 a<p (‘ T J ) < r x M v (v ) 6 xyd y — xza s (bJI) ^ 

ro : ^br 

Jjj" J^i lyii f-A 

Jyjl Libs"J ob ^Lfal^l <i-*>H A| Jji 4 l*J Ji J >9 fj^^i *=? j% 

j^*ld jl .i^*J*b JJ^ jia/ jl J«>L> b jZL+i l—J 

,p_Oj/T c ~*0 <U ! J V X H = / ^ 5 ^ JIJJ 31 ^ 5 ^ j—^T c^jl-^ 
.iJjT L—jL*>- 4 j J>*l J j))) j~a I (^jlJi-f j y Is <£ iJa^j J 5 bi Jib jj aJUj 1 j 

1 4*^ ^b‘ 4i ^^Lj 4*^29 sib 4> l-J Ua^ aJU.£ c-amJ ^jj \ 

jl (jl y ^5^ tj 1 (JU 4 S' (jb*j .J^ 3 ja!^^ 

^gil j 5 b ‘1 JSvJ 1 $J-* j**ftl j>" j^l -3 4 j ojjl 4 i \7 X jff — ./ b 

-— .^jjl 4 j ^JIj^Jj‘1 jl lj b (^IaIsAJ* jl b 

JcJ ji oJi AS (Jj—=r £i 4 —^^ b S 

J>- plj—t (JsT a J -^ j* L 5 ^ J - J* ' 






j>H-dL 




A S 


~(VxH) n 


J.j I 5 O^* 1 ^ ^l j> C—w I J c—o A As j*a /j 1 0 1 JA 45"" 

<AA<_s* 0 4 -^vAj (jil .OwjI A S’ ^3-*^ 0 j-A dL ^ c-^Jj I jSviIjUj dL,± s 

d*£jj jlJ O J.J-^5 


AS 


= (VXi/)'a, 


<j>tf ‘£TL5 iS = (V X H)-a n kS= (V X #) -AS 

»C--vM AS j' c^! J C*-*C J / Is AJA *b~ij jIa jJ d n W*>i 1 JA 

lj £-i ^ J A S *v° SXj&A £j;L—k AS JL-P- 

^5sjn\5s> L ^j \Jua AS _y* ai**j ^*v^» j5wl <LvA>»^ £~*>- 



jli c£jL*a 1—<* AS fUj Jjj—^ <-A—1A-A 

<w3v\_P- A (_£j>J» lA II 0_J-^ *£+~>\ S cjjA J_^> <A*-J ^r>W3 

•^5^(_£' a 



r\r 


.JL* jL5\ji C->^>” ^i>" I 5 ^J*^ O^^" dd c3bi>>- 

^ 4-S"* O-wjI iSjJ** A {S'**- LS*~ ^Jd 5 dd d*l y>*~) ^ d> (j^^- J-* Id 4^^f^Ldl 1 ^a7 


:C*db j*aAI y>~ jyJ l j* Ld .Jj5^^a ij 


' > .O ^ 



ti> 


j^^ O^ j£jj iS 03lj.l»l iaJtf dL ^(JjjU Ai 

Aj c*-**» I (jj (S J1 ^ j—J j I j& iS I j —i J 3 l>eJ 1 dL AS* ( \ ) aL *j IJ 

.C—*^1 j* 

0*0 A_j V X //“•/ dJ j4^ O I 1J j« A I c£ JI d* <Jj J ^ J U** 

dt (jjj Lgi 1 jl j ^dS^i>-b ^ </*$ ^ l j <3^^ o^l ^iTjtSdI ^iojjl 

: ^uiji j{j -^;/ 4; jO j I A^vii j! ajlol L j ^5-L JI^So'I $ (jL) ^ i2vJ 

J'(VxH)-dS = jj-dS-^H'dL 

jo 1 jl 4 f o**j 1 LJS*"j!-LL c^jl*** S t£3J jLy>- J lSL>- JljSdj'l 

„--- - <jiLrf^ •^ls' 1 

(j>H‘dL=I 

{(Al*.j ^**>5 J^m2>:»;) J jL J>- A$" dO^y jLij Aj J-.S Wj' 1 

j^l^d 40; ^**u« AjT<JJjL <Oj LjtO ^ id*j jl ^jA jl aS^C-^I b J>~ jb*A 

• X,S ^^jA iO.^1 l^j | 

Jl^S s^j I **Jj J J 1^50'I dL I ^ I aLzj I j I A>.di3 

j! I dlj A__j 1 ^ JI^Sv-j I dL ^j^j_I jji,^ ^.j jb ,4JLw j a w> 

<5jb jJ -lajjj lIjIajI Ji j.A ^1 .i ^ j\S* ^ Jl j A 

4_r V ♦ V x v4 LSl^ t£ jS^o (jb ^1 dAA,S^^^> J>9 J liU 4j . ! jr 

dL_j J> > i_j 4>rd( 4 l-U; u^*AA*i J y>z\ i L^jb ^ jlJl^ di —j (Js jXA y| jl 

r boT /l 4T(?I^) jlsL (J iCl) cSlojijjLi 

y*vx J3 = r 

P*aI j—>■ j; »1 ^>cb ^.^x>- {_^Jj^SoM J dv J* jjd jij_S^^ yj? jl 

rc-^d f j 











/^(V^VXi) dv = Jdv 

:c-^^ j>~ pj y m j\ff ** aIsj Ij <_*>- c5l ji I j I jj 4*^3 Js 1 JU- 

f t (Vx2)'dS = J^T dv 

y 4$"0-^1 c£JJ v4 J Jl>^'1 IJ I 

^ j j*ap*>» 4__S^ ^ ./4 JjS^Jl1 { jS jl^l L^as .Jj Litj 

1^) Lj J 4j l__CO IJ 4 a«j 1 ^S" I 111 Aj 14^**j 

[j Amm^ Ji ^O L I A S""* ^ ^>* l J _,) L 

^ L>tJ I J A 3^ i zf 3^*^? 3"~^ ~^ 1 *^ 4. i A!uwj ^**wi |t-w5"' v^JiO^j Aa**o Aj J 

JO J-^I 4 a *^3 A^tj L>- 1 jJ Lj .0^Jj Xj A^*-j ^vU^Aj jb J »Aj Jj L 

J C^ 1 jJ3a^ 4>*Jj 0oOJ15" Aj 4I**J <^JLj 

/ Tdv^o 

J 


Ju l_ j J^* j40 p^>- <„£l j —j C-^l Jbt*? C^ljf aLuIj I j j>* 

i-A.ji' Ij O 0 L 2 

Tdv — o 

cji^-f Lj j 

7= o 

L 


V-V X A = o 


<5 


^—j ^>*1 _^T ' c-**^ I (Sj I a _;—j jJ L ! JJla i£ Uo UJI j I ( Y ) aUj I j 

4.Lzj 1j A^jLj L jJi1aja£> jlwL» oj ^ jo I j aLj I j 1 dSvi' jo 

v x 5-/ 

AlT|**AO j \JJ J pj Jii J 15\j (J-*** 1 1 (Ja Las j | Ji 

i V * J = ° [ 

I CL-^i Aj a) 2> lx* J I lil*^ I L qa-4.^ 4 5^ C^amJ_ 1 A^JaJj <j ! J 

flijjl jl-? A - 1* jo (A^i-ci (_^jl^^j-J i.S'l-Pi^UcJ I 3 aIsj I j ^ 

.Jo Loui 




r\t> J I iA> U IaAJG 0 1 


JJ 1J ^uJsLx* (jL^j'l j*» 4/ J.5\j $ CL^S' Ju>- 4jAb1 jl 

I Xj 1 .^S'^a J3j* J^i j«-ilojjl C-~*0 4 j Jl>-Aj l; 4^ Ij 4>J 1 jX4 

.pj ij.^"(J U J I 4>0* <-tlj jlj^ Af Jj jt jlvL> _j,-J j jj li 

j Xd L X 

dB -~^R- 

1j Ij 6i oJ^jI Ij &s^ jJ Ij I c£jlJU U y 'U 

§ H>dL-l 

j^JuaaiJ 6 I c^l^la/Jj 4j 1 Jjl~L» 6 I 3 j! <J i_Vj jju jl a^Ul^l Ij 

VXH-J 

{£3 I Oy jjJ l^5j I 1 y (_<* 3*^ I (J J* 1^ 3 I O I Ij aS*" ^a J U»- 3 

ojjT c*-*o aj jl c5lAkaj' JSo j| Ij 

$^_Aj Cj?.^ 

.c~-l tsl4<ijirfl oLfl^ji A — tH(z-|- \) sin x <jpfl«p jl J ;* 

Jj^j>ta ^a.*» J o ^ (p <^ \T\ 3 z— \ 3 Y — X j^ A <J>\j —! l-> (j^A^s 

C-*0 4j j| ji 

rr?r :^1>r 

jLw ^gin» jU* 

r^ 4 ji3 <J-»JAj Ij ^^o^oVliA L B jij I (_£L<23 

(^iji (jLa3 (J Ijj iaitf) 

c5y^A o^-l J ^J li (Wb/m T ) £!j A j* j—i J>3 u—*>-jj jf aU Ij jjlj^ 
C5JL>-1 J .0-***l tib jl J tc—»l dJLi jL:sM ^Ul ^jJLLJ lj*J a ISj-O j^ a$”~ o—j I 

a > c^*»l ^ j-i J^a—> j J lSL>- (_5 I^j U Ip a 5^y ^,.j Ji 

jl jflA J O**-;/ jLL o Ll-j L A 4 CU^*I ^ o to o O jJ I jJ ^ Wb /m^ AS" j jt 

li (H/m) j 1 ^ ji <- 5 j :a J (Jo yJ jl 

& 


H„ = wx v H/m 


5 = M.^ 


1. Tesla 





' 

\ ^3^ y* ^Ijl iS lbs C^aja V a 4,i c ^j 1? t \j I 

O J^(j3 4 6 JI JLi I j j i t —>™^-^,_j yy _} aS' 0*^1^ 4,?-Jj L 

<£L-i lj tS>* >1 .C—’- ja c_£<— 5 jJk\*&\ >■ c£jL«>a Jb-I« ^.lii aLaj" j) 

Ja iS j ** 1 —>^bba t->- i_£ j l~a *»■ I c-~«jb jiJ |*j j-5\j ^Isj ji Js-lj 

cSjL^ ^jj 4—$"b_ja jLj L ^*,w> (^l^'l-A** Ij ^ Li i l y*‘-2 1 ^>#1 

.C—«*& j** AJ 1* ja C-Jj <—l>- 

jl tc-^f^i jl —i jl A_S" <_£ J J—Lj La 4 B IA^ jj I S+A J L/i 

cSb§j lJv> jx<^ cu^Li ajl ja jl ^5vj ,li^-a>! j jJ U ! jLi ^ 15b- cJl^'lX,* 

1 4_j j js jlJj^ a^aIj jl jLj -.jaj j ^_*^^*>! jl Lw U» j 1 ^aaJ^La* j 

j D — E q E ? ijJ ^-7 <>1* A— ; c-^l jij® j-i E 3 H {jH ^ ^ Jl 
jXa j jtj l-a*«5- j*b J> i o D 3 B ^bb” jL* oaL^ <Xj B — {X o ff 

<J> l_j I j ^J^L** jli . JJal Jj L ^aaaL Lv» jli J>-1 j ^la/ ja ^.j jA 

JU5**^« JjxP a Jli ^cja~j »ii,j jl A^'( m $j[j) !j oi J jli*/ 


f ,r 


, V 'V L- ' x s 



3 c^a«a>- j —j v£f ^iSCj I j [J* lS\>* Ji jj !<Jji A} Lu <J 1=-* 

jl 4.r^jli JS^jl^ 0 I j I t _ 5 ^" t>- J J I tj* Ja\>- Aj 1 3 3 ^ 6>>* ^ 

^uLaH J I J y^Z>%.A jL lj C-au| iX'S" ^A jy£> 4XuuJ ^LaO 


§ D-dS = Q 


Aj>JL' 3~j*-» CLaJU (_^ l__&J Ij j! j> jb?>- I 3 I J li L 5 j^la:>- ^ jl ra _> 

• «L> ^-v^/0 ^ Aj J l *^- ) 

cJ Lo Ji .uLaauI oJJJ 1 (Li-iS”" La ^^ ^A^LllAa J li 

1 j {£^ iJb-o j_ 1 1 7? jl-La I Jj jL c^jI^Lj ^aS:*--* 

js jL>- ojL b j-; j -S (jl*A* A .S ~ |li ^M oj^ - a^j <Jj,>- 

c|> q3>- ((^Jlp[£a A) 3 Jj|4IjaaJ Ai ^AAuJab-a jb 

tCl^l j OJ Aj ^u*Aa\lkA jUaJ l£\ j t y ^ 




<Sj^.‘ 


5 4a*. 


■ \ 


. c*4*< 1 6<-ija 1 Y . \ 





m J f JJ U 


© 


Ob <j*“>1jJjO Aams5 j\ L J 



If ij Lfli i l$j*^> 4$Clf pj !o j&J c-j Ij 1j (a) j (v) -^.bj aiJ I 

^l^dLlj 0^"^ .|«jla^j5 **Jj Jb Ll-jt^I-j 4 XJj 4j iajsjA iiij ^yAJ>Jan 

*—**?* B — \L o H <J*L B Cfi* j—x> 3 jbb - j*> Oji U jl (^) J ('f) Jaj \jj 4_S" 

(J^5"Y'A i L«1 . J,»^J^4 

tj^tj ^i ji J j-^u ji^u* 3J aJ^l* i (&) aI^U* 

(3—^I c£ 1-4* c£f^—d I a&jajka . c-^I ^^5*"L*» J?!;&■ j 

:jl c-*-Jj4^ Jt Jj ^ (^5“*:^c£IJ*- 4 J < jS"1*^ 





^Ji <£i* <-^i j" _}l J f <jlJ~° J**-/ll 45" w Jo 











Oj— jIiAjLj jlU** ts\y. ^lw djLjji <j^>^ J* 

^j4&*j oili yJ j; Ip j e£^bfc j>Ij» 4j b I ^1^/lJL* c*>^ U dj^P 4 j 

1^,/ j JL» ^jj—4 aJ lIj 1 JLu23 jj> I j j 15^ . j *_j 1 jf ^ j** 

Lx-» 

jj *J J>U* j 4>- <ji) 4_T (f) Jaj hj *J 4*3-1^ Js 

Jl/,'1 Lhl XA J !■£>- .jxT^ S L ^ CmhA ) _) l**i® j^3 ( jl wi*^ itL~i J j^ -J 

j(j_ 9 4j jlXlj J ^ b (j^i 1 c£1£>I*Aa» Ji l^» I jja->* 

:o^l jij 


o 


. p — o ^ ^ J jj !j ( ^ o) J (f ) oViU AI^ jl I^AIj I jl I 

SjLjJ^ ^S ir^lJ Ip!^U? f U ^‘a^Lj jb-j ^uJsbfca J j&S i iS l^» I JL* ^ 

oV^bc«jl t^JtiL d iJJ 1 c^-oO 4 j JUrf lJ JLjIj 4$*"(^iojljj I 4 j CC^jl^ji jj 1/1 

41^ O cJ A> ( J*S' jl*i\ J iUai jl ajUlJ L-J «jl jJ^ IJ 0_^ 

a_j Jajljj ^1 jl bI 4* j— J lj Ijfi oJ^-V 

,:>j/f o-o 

jLi *a jb lS\>- j jLi ^^jir jl ^ jl j,ip 4j 

.^yf^A Ujj \j y.A) j j>** ^ Ja>- dU c^I^oIa 

b s j> (£j 


j 

S’ D-dS-Q- 

fr-P dv 

j 

)* E-dL = o 


J 

f H-dL — I = j 

f J-dS 

s 

J 

f> s B‘dS= o 



/ Hq> 
\ 

) 


I 

\mr 


(a <r <£) 


B — il H = 

\ “ o 


hL 

yirr 


ci (p 


a'Jjt^i ■> 




m jlvbb Jf*U« 


Ap%L, & j—& jl a?"l5jI^ j! c— k"jL^ L jL* 

.JUT^ j^*P Z = L A> Z = O ^ 4 jl J r =. i Aj r z= jl 

*=/. s - dS =f J .ii d *' drdzi * 

{, 


$= 


Y<77 




pjfc JliXi I Ja^ ctL ISJ ) i (_>j %^i\>tA tj,\j> d JJ 1 Ji f J Ak> 1 J jji I 

.Jj* pJ*l j>- jl5^4j J 

V-A 

c^4>ilA j flr ^ j j = f j c~ a mm jl jL* j ^ J^*‘l Ja^ *£k i 

0>-1 ^Xj J4_S^-X> 1 OJYA Il5^ ;[ iJT J LS^* 

Y hi d ^vjal!) 3 r ~ ° <j^ J^>*1 J c-*-*«>*jJ ij L** jL* . J/faJJ 1 £-j j y 

.3>:S 1 j*> y — c (w-j) j r — fe (v) -* 

nWb *-•«*-j* AojY 4 VAj? ‘ Y° 

cSJb^ J (^ICJ) ^JbUu ?.A 

(^ 1 $ JI _9 J L~<i (3^“^ Lj jl Li Jr* ij L*< ^$vi J^S I ^ l^J 1 *A*-« jJj l***/° 

C^Ljw U > Jwb ^>1 A>- ^ OjS^JdiL» jL-J jl j*^ Aj J/ 

^S^JT^IaIi^I J jl ^Li b J jla/ aLaj jl CCU^I ^$\J jL Mi 

(*-d3y e^ (J J&zjS' Js-I J* 4j Ij J< Lrf Ji" <TJjd; 

i**.—--0 Aj 1 1 I J {j^ - I U1 J*-*' 4 C-J JJ J*j J <j-? 1 OljJ J>** b J b 

.ijjT 

Jp LjU l^j 1 Jl** i£ 1 j* Ala*u 1J L 1 AS^ Jj uT^ JJ^ <jil 

l^>'b ^>- ^ijjJ jl AS"cJlJ jAJ Lo ^-j Ij tiij jl JY L 1 .Aj b ijli jJ 

A_j (j ^**Js»Lju» ^L^'IJ** jl j7{ jl jl eiUl^l L J Jj 1 Aj 

I 6 jl JJ l j 1 lli A**A I^wjI ^ I Dji J J t^**> ^LM^laLA-* Lj ( l l ^ j I L 1 

<JI^-*> Ji A_S" Jj^ p.Jbl J>- a JJ 1 O L>si3^> ji I ^ jl 




f X° 


V m lu>e lO) l£1&j! JJJ^'bj vili .-L^T ^jJ>j .^&3 f-?i 

(. <\3 L IjJw j f ji,^» *jj J,Jj {£3 b*** o 1 (^*' a o b ^ I J* aS^ 4 < ^ 4 * r ^ s ^y*r J 

B=-W m 

aS^^Ij Lj» j Lo a2^ M )_ ji5\) I { J***j ta l£j£j $y Ai lw lI^pU jlj^l j£ I 

O JJ iJLfc I Jj ld^> J.3- ^*3 

lA^i t_J U /0 ^*vJp l^)U (_£ I -l-Jl <_£ I jJ 1 _* ^1*3 by L Jj to Ub ^ 1 

OiLrf^ -> 


VXH = / = Vx(-VK m ) 

j>\ 3 . 0 **il jO-~p (J? 3 b*u* ^ISn^ 1 ^ (_£io 3 1 ^Jl'$'-*■*■' b j..m .& 0 ^ ^ J*" ( 3 ^ 

4 S"^-4 jjj 1 jJ U; -A-k) j>- 4j 1 jl O-vP^9 <j 1 oLj I AS""lL***iJ C^ji^ 

<_Jaj j*Z iSb-J) i£\*3 I JjU*** 1 bj t«ib (jloljS\jlj^P4j IJ JJ Js I 

iij^ ^jjl 4_ i <1)1 C^UjJ jju**i> ^gw-L?L r* A_lT^I4 *>*Ij" ^Uj JJ> jb j>- l5^:>- 

C-> J y& I Ji , *Li b jD.^» iS3 l*«* ^*-i b ^4 OwJ 1 t Xii uJfiJ jAJ 


tf = - VF m (J=o) 



jb^>- Jp»1>- 4.5" C^I (£J ^Mkilliw Jj L*>ajf (^jLi (j^>- 

< Ju-N«y bj A_5" ij^**i1 ^m^Ij Ij jia> ij ja 4*>- 1__j* jl J$ LLw 

j * •—l—J *4 ^jLs ^J—< b*>» ^j—_>■ J^ CJ^I C^UjI jjl^**J ^ g *** l ^ l-j- 4 

.ijJ jl5s; (jl J —i j‘-&\ 33 y 33 Ij t^lojljjU^ 

.c^*jI _y I Jh>-1 j a5"c-*<j 1 1 j 

.C^l tjbLsjJ (j^^' -1 ^) C^lojIjjU-^ ^jil $3y 33 4]^U(« 

iljT t£\j& J2 


V 4 J 5 =jul o V^ = o 

M‘(-vO = ° 


vV„=° ( /=o ) 


L 

0 





AZ*ib i j^J ji Ji jb J>- {J l£>- 4,f<£\^\i jA i£\ ji ij 3 0^1 (3iU> V m S-)J A •>* 

. xZ' o*X*0 a! ^ U> ^ 1 Ju£> L 

ji cXu Jvai (J I5s^»!) c£bj1jjU*£ Sjl-jji A~>- j> 

^ j JL*5i JL&1 £^u*JaIiAa <_£ la> j I J..« j ^—L>U*^ il^a Aj 1? jj j* kXoh+a 

ojliJ wlb AS' - l>tj 

wll> y& ^ J^> <—> Uo* I J^f' jA li-l 4 $sJj I ^a»t^ 4j J 1 j j I <il’ ^*£ l; 

(Jib? ijji <—^il ,i^j JUla! j>- Izj jlJla dL JaSa (^1 jb bi9 Jala/jl 

a <^ y <^ £ bs-tj ji .k\j^t-T ji Ij ^ f'.A J y^ A ^ .C—«a/ 

<U=*-L» ^1 4—; (^S l5v-^l) c^lejfjjU-* ^-JaUi/4 bj J J — o *Jjb 

:3l cJjU /? jIjJI* .ib 

I 

H~—~r a y 
Y77 r v 

■ LL~^1 c£iU J^b Ji Ji / AS" 

t( \ ) aLu 1 j jl ailc^l L 





\ ^ 

-kt 



v fJi5C_r 






































fof 


Y7 ty 






r dcp 


dV m 


d(p Y77 


tyJji ^ 


F = 


Y77 


<P 


\zi *>- J L>-» I f j j 1 j£ t£jL«« I j ^5"J1 j5w I ci-i 1 j <3^$ aLj 1 j 

Ju& ij v m (p — o J5 J-S" I c-w <. Cp — 7T[ *f < P Aka/ 4> JU b IJ 

J j_k 4 j ^ JjJ ( j^kj c^f-U> <_£l—^A j C-4>- ^3!A>- o3 £<j& j 

ij—J 110 ^.«ik oij IS”*JJ^So J i>^C5^ LS^ 3 ^ 

yiv? <1)1 Juw bi plaS" i J*3 t^l4ja5»tl (^lAlaa/ okjb ^j| ^Jj 

^ C^** ^ tji ^ ji ^ 


77 77 


77 


<P = y , ^y > 'Vy , 




77 


77 


<P=-Vy , -\*y , - II f , 


rr- 


77 


mP 


c5 

= r^( Tw — v)’ 7 (” = °» ±'> ± r > *'') 


, = /(«--^-) («-°, ±t, ±r, •• •) 


H^AI ^>" l_) 


olJU* cj b- L-» A-*j Ui4 dL l— t ol Ij Jij— > ^3^1 j-—*>“ 1 

la l»j I ja .ajS”4^>ji U> ( _ s S^._^Sv! I 


VX E — a 



Y'of' OlwUc 

(j) E'dL — o 

v *„= j a E ' dL 

l—> u_ ; laLjW Ji J-^i ^ jl ■0»*’l J~~"* jl 

VXH—o (oil* Jz= o ‘S'k-yo) 

(J) H • dL — I 

(J ^ J ^ J ^ j-® * 4 c£<J I jS’Cj i j^+ A -51 «-Xl* I J ^ I 

J—^ / o3IJj! 4j Jl^Swl o^i^ 

J3 oj—Oti j*i ^ ^ Lj ^ jl y ^ cuij j I *J^L> jj^>t^ 

JToH- 


0 


J& L>o C^»*> i Ij ‘—■> I ^jj? jT* a {jf’Jf* ^2* w>l ^ 

( \^j bj 1 <JL>- .c-^l I <_£»'}*-**> K L*» I b ^—. 5 ^ 4 i>ib 

J^>1^ |^A Jj IS^Jlifl Ji IflJ I J/^ (J <_£|ojl JjU-i ^^LUiw 

£i i ji iS *& {J* U^J* ■* f —d-3^ ^ Jj* <P “ ^ LS^ ^ y 

<db J JJ 3 Ij / jbj*- p. JI lUJj^> ^>1 Ji p*l& I SSJJ*£ 4 p*ivf 

t apt-Ij . o >*• 1 Lj 43^ I l” ^*w > lr 

/ 

^ m - <P (- vr < <p < 77) 




aL^' J 




1 

V ^~~K 


fof 


£***»I ^i ISwl^ t^loj! jjU-i b a^c-^I 

1 i^>Ca (£ 1^-** jA J ; SCij ^j5Ci .7/ 01 “b» il)^^ ^^ OI J^**7 b jfrA ^ Jte** 
c-^1 j j^$ 3 i IJm,-* f j^ t 4j LiJ jl j5so aJj>- dJL_j .^b JJIaI j>- 

O^s*^ ^ J^as J$ jl ojLiJJ *£ 

jl —& i J (j —1 tSwiI^ t^1o^>1 JjLwi I ‘aa J*«J ta cL->i.* Ud j** Jl >* 

Ji A$"" C^..^ I 1 J.-^ j! J Ij ( - 5 < “Uj J 

(31>" IJ J d I J? J1 J J Ia4j JiJ J l^j I J j 

Ji Olj—7^-* b J<a ^J***j" 1 *j .C-^ t JuiL» 4^- J5 l1»> I^j 4__j jj— i J Jj^i l—'" 
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bi J!> 4—>l>trtJ> ! Ij CJ-^I C-*J Ij (^l^lJjJ jbj^ - ^jtjj i U^>* *C^.***a> jlS”" 

j£j 3 -b Ijj jjI^j b .i^£jl—>* (J 1 ^S^x/! ji Ij 3y 3^ jl jl^j a5^ 

.w^l j Ojy 4> 

© 

J 

© 

a_j I j tSjb v _j J~*j li (\o) -j(^) J (9 ) Ja—> I j-> 

J*Ijj L. ItJlj&rl <*-' J 5 ^ 4-j IU .JCS" jLj o\ £._J b ^ b" (Sjj 

4_ S' jU«J Jj I ^y 1 4j 1^j» I j I b J&S I ^Ji^***> b <rtiufl 

Ji -X—> Ij-J^roJ (^iJ-b»t« oU>^ g.*A j_^>- C-^l lT-j Ji ^4 J^b 

J Ia4mJ ^Jbt*Mj tlj {£ 1 jJ (**”*** ^*^ L> I ^ U" ^““. J *^i ^ i t>*J 1 i J^a -> OCD 

IajL jJ^Li U t£ J& J?l^ (wJ^i ^ jlS ^<j Ij 11/* J^i Ijj oj*X/4j 

l>- ^ U/ ^ Uj Ji C~~> (S J U«^ (_5 < ^ ,k, ' ^ cji ^ ji ^ C^-J 1 li A^ti I Cj Ij AS^ijj 

= — p /s J^>‘bj HiLvi ^L-./Ijiji JiCxi aSoj 1 jl J*? c-^.^3-ji . 

.^Ji^5^4 ^U*j> IJ ^LjIl OUL- JUS* ^iJjl 0*^i4j I j y^P' rz o OjLp 4 j b 
1J Jj-Jb £-?" 4/ b! j I ^-JI y ^ ^L^j'l^iji L 

J iJJ I |»Jb1 Ll-A-i 4j ^4 c^l J —i IJ ^ Ijj J,^> Ji 

.i^S^pj&l j>- i 1 j L^jb jt J^Jb 4*,ujUtA jj 





A-A l>!.^ 

Ji — X bd z 4 r — ° J\ J^ \ o o < 3 ^ u/l^j ^j j t^U* I y*>\ { j^= LMi 







j = o c cp — o ^} . r — j.> — nq. A/m -? r = &^ 

y_j jfltjj Ij {/^ (y) Ak;lj j! oiU:-rf| Lj .o^l eU-i* ob jlj3 (jp — 77 Ji ^ 

(p= — 7r/t' t /'=ojV > (<->) j <p — 77 / Y t /- = o j Y (Jl) rwS-ijj! vi^- a. 

\AY677J — ATT A 


^•A o?.j^ 

O J —jjj (^U/l^Lu! lLI — J J — >-1.3 J.2 Ij ^^kL*X (_5jb^_J Jwl — 

O^L^I b .iJJ l u^-»i 4 j cJ4j i-> tf 2 C-4>- J5 J Jf<I)bj3- J^t>* 3 a 

a_> Ij >4 j * J (f) 61 r <d a (S\jt B Lj H pk* jl 

ji jJ Lj aS^j i ts!^) r — 0 j^ A = (/p / In 6 )/Ytt ! 4 

J y " O . >Aj J J 1 Co*-*0 4j J _k*ji/ J.S 1J ^4. ^‘A-J'b Al-iL o~^ Ik* Ji*j 

r — £ (' T j ) Jr~ ojac (u) 

°jrYY/‘ ojr^v/ ‘ jzWb/m ••4i | j> : ?- 


^jr*tu» ^-.*1? L.&.C ^t^3(k.u.^ &**>£ 4> V*A 

..^.25^^,* l_9J (_5 I^j 1 J.- 6 O^aS^-j iajijj O Li ( ojL Ji a-l£ J <*; (JL- 

oJjl 0-0 A; J_j ^jJjla *> A 3 B 3 ff ot;_>Ui jl (1>IJ'^ lj is; 1 iJ ^>1 AiS" 



I dL X a fl 

firR'' 


B=iiH 

B-VAA 


© 

© 

© 


b up** Ij /4 aS^ <j^P l-^fl 





^ A>ip jl jl p ^ Ak Ij 4 $vo! A —\ lj ^Y) aLj 1J Uo>l*3 Aw J .ib jUj 

6 Li j>- j*A>£’ ^ p+’S'4.9 \<J> I aLsj 1J 4j Jj‘I JjU I iA-> I Cj U! Aj 

(^ , y^ 5 2 t ) to-xl ail: jT j^ ^4 a— r^UkS; j (^ N ? y v , z N ) 

^.j Is ol^>^ j — J " jji ^ aj Oj-A 



jfdjb 


Z\ 5 y K ? 01 XoU iSjS Jl _^‘l ^y -L*l^ <2#^ <2z/ N 

& L^mJ «Aj I 1 _J I ^ Iaaaa- 1 Ij ^jJ I ^J llj 
\ dv \ 


-2 _ f Mo - ^ \ ^ V \ 

J ^ v„R^ 


Jj- B _V XA 


l*;jb (r) 5 ( y) y «&-l l i J 
0 


Mo Mo 

oh jlj —5 (^p'j ji \j >-k b (^) jl (\ ) ^'wo jlii a5C;> 1 <s\y 

2 r , y x i x T ij*i A r J^v*l S»=^ J 

I j —j Lj .0-^1 ^yj Aj (jlojLj J 

J 1 (_5 ^ [*:*-> A f cJ^ J jj I jJ 1 y_J I 

J Mo A ^ y \ 


VrXA x \ 

H x = —-- - — V v X 

T Mo Mo V 


¥ttR 


\x 


c-j l> fi^/ fTT dj* 3 c-^-y j>4^ Jfj i£lob a-'O*^ j 


jl y ^ 


IJ^^~ V 

T YnJ r— * 




£ 


\r 


3 <2?^, (j5 1 -A^Aa^ ^ y iS^A fjyht^A a) j\a Aj fiiAi I ^S\„> | (J ^ iS^j-^ 

£-i 1? ia£9 3 ( J I ) C^lfijl JjL«£‘ ^1^5" <2i^ ^LoJl_y*0 ^>&-j+*u£' .C^*j 2^ -? 2/^ 
c-j l A y> ij'U !j jT c\y^y *>*-}> ^ J j ^ 

•■i^£rjl>- Jj5"j! 

^A)*' 0 


£Tv= — 
X f 77 



\V 


t jjj jjl:>Jl jl jby tilj j ( J iCl) djljjl^ <^j <~>j-Jl1*2 Jj5" 

Ic.*^ 4 j jy>J ^>U oU;^ j3 b jl 3~^ Ij jl c-px^ 

yx(SF)=(vs)xF+s(vxF) (5 

Ja*u; Ij (y) o-aJIj.SU/I ^'axj] ^ I jl aJiL^I L 




jse’ n* 


-)x J S +^~(V,XJ,) di\ 0 


(£ (_3jA 4 X *7^ oj—>• c^ol 6*-^—i 1^5oM 4l*.>- 

La3j 1 fc*o -c^l ^ j ^ j ^ t5 Uaj c~**j 

.Jj lji^> 4 ^jIm*>i c^lejt> ^LqJ J C^o AX-O ^_; U 

Ja~j ot*aI>s.« Ij JJ ; a_0 1 ^50' I J j! aU>- ^**7 ciljJ 

p^L5 A 

*'x = /(<c Y -arj v + (y, - vO X + (*v ~*\V 

L i - w .^j j L.^ 4>tw 45 "Jjso^» jLiJ Y ¥ aS L-» ijA A**ul>e4 Ij <j I J 

n _ ^\x 

Vx D - » F — J? X 

A \x ^\x 

pijb (^) aLIj j^ <jl Jib jl J 1; <f 

fr _ J_ f a B \ t X X , 

H ^-~^i ^ R.y dv ' 


A X J 

^ W*,’ *' 


/y^\ ^ U I\dL\ J?l .0^1 jlj^ l%- '- r ~*~ji ( \ ) 4^ Ij JiUs 45" 

jj jj4^» 4 j Ij Jl^So'l I y ^ t^jjIJSv* 


r, = f 


I\dL\ X 
ftfjRvv* 


I jj (r) J (V) j(j ) ^ Ijj ( V) a5 i l** ^,j I jj b 




t J O Lf I 4 j <_£ 1 Alai/ O J j.s^J 4 j I j I (£j\Sa j y U J L>- 


VXH = J 


(•ij* (r) -> (r) v/J ji 





n \ J ( Jj U Lj-A-C 


B \ 

V x // — V x———V x V x ,4 
M. Po 


© 


iS a^lj u>- Jaw ij y x V x A c."***j ^^ <ju- 

j > J OJ4j ^J\ J> ^ 1 J ^-A> I J A; J 4^0 1>b^ I J aJU^j jA 


(4) 


Vx Vx A==V(V‘A) — V r A 


VU = V r A x a x + V' < A 9 a ) + V'AA 


A^ c5j jJaj 
©> 


.c^^l oLa^ J-S slii <jAij*> (\ V') aIsj IJ 

fij’i 0 \ ) -» 0 Y ) j-/'oi j^.W- Ij 


vx/f=-[y(v^)-v^] 


© 


.c^adI ^jV A J c$lJW- j 

J**’ j^"aj Ij i j A <_^l J->jt* 

3jjT C—O Af 




K-f i5jlij» ibtjl jl ojliljl Ij j 

V.(SF)=F-(VS) + S(V-F) 

v '-x=fe/^[- , ''( v ^)+x; (v '- , ' ) ] <, ‘’' © 

‘ I_y ^^ 1 fji 

j j jirA> ij v x (\ /R\^)= — ^\x/^ 

aT ^ jU; pj '^V i/^ 




jkukjjsai r\r 






ij OI _? J b ^ ^ f') ^ ^ (jrl ^ _/i b 


*•*=£/_[-v(* 


.j jISsj 6jlj^ 1 j ^>Jl j c^j-* 


v '-*'=&/„.bV, (v '' ^ )_v ' '(^)]*' ® 

d^2J \_) 4^—j**-‘ ji-Ab bj ^23 J- 

J3 ^1 JJjO b^3 ^lT.C~.l ji^ ( W) ^ *L>- 4^ Jh"*yX 

.J,>0 >a b^- 


V y * ^4 \ 


fTT J *N i? N 


^jJ .JLjkVaj^ b <_£ j—r> J1 j^ J 4 p 5 * 5 - £\ Z'iSjjb ^ 

(Stj\JA;\ A ^bS^/f 4k>lj ji 0 * 2 ? 

jj! ^-jb ji OT^WT jl .xs^ J^ki b ij^ f^ J j j ^ ^ ^ ^ A k'b- 
i^r jSjy 1j XIj (Vj^x) ^->b cs J 

JJJ ^JJ) cXtfkkU* ^k-o ^JJ Ij ^?JJj ^^ ^ 

J lA—ijr (J^T jSjj-i U- 1 ,J ^^j:^ ; ^ CJ^ p*-^ Jlj^i 

.0-^1 A^> dJ^b^wi o_*=►* tC^l jk*0 <5 X*o Jl jS\*i I <jib:ta ^ “bk A*^ ^ 

.C**«l Jlo> A jjXljjjjS o^J*-^ 

<jT 4 jIX Ihij Lj Ij (f) ^kjb # i&)J a A ^kj-J ox** 

(. 4^J b b j'b I b L$ 

/* Mo- 7 ^ F= f .. P ^’ _ 

••* J C^ •' r*~ fVE o R 


j \ /e o csW--; [J, a J p <S^r *; J , ol^'ur' Ij IJJ jl Ls^i 4S "f i r-.'! ts* 

JU; 'j jSo w 9> 31 .iJjT 0-0 A; ^_/o 31 ^ i ^ ^ F t5^ ^ A, 



nr Jfb Old® 


Iojoji I d^o Aj I o o^- L_j j.i I c- j ^ jll^! 

A —■> C->lp^\j^i jjil . j^S^ J1 j5v ^JamJ bj jl^J QQ Afll^a ( t £\ J t lj L^» t d**“A J 

.d*^l (^^1 j^t aJ^U^ oj j,*? 


vv= —— 


TA a 


V T 4 = 


*f—J J> j+X.aA J jl ..Uj 

-p. J . 

p£jta Aj lw lj .JC*I ^a! j:>-JO 

-P Jy 


ta z = -^y z 


V^A- -nj 


© 


i pf v-? I d«0 A* 


^ Y*) ij 4 j A>t/l^>- <JU>- 
1J l^j jJLL^ 4>eJ; J J1 jl Ij 


V'XH = J 



(Jjld* jj/U ^1 ^Sb/I dj_w? jojjl d*o Aj <5 Li I j jdl ij-ijir jlJ 

.i jl .A* j J L>d I Ji J 15"*^ I -> I J pi I di 1 i j Uj ( ^ o ) <iaj ! J jl i 

C^l—£>’ IX-* {J?\ j —> A—S^sjub/ ^Lj A—fJbi jljLj pjl^JLi jJS y* /j}\ jJ Uj 

4 — >*£* A J 3 5 H dijUj ji p—:ioJjl oj oLj I ^ S^j. 

l)* ^ d^. If ^ |tJ u^i Aj j? I j d^.j aiL t^l oLJl .Aj jA^ 
,ijA di j+o> a1s 9 l>* Aj obi (ji I aL wLi L" ^Ll^l Lid I JLrfl . AAb 

4*» i^*«j o*i I i 6<] i 1x^4 j/yj I jl J pt^j* ji ( \ A) aLi> Ij A; JU>- 

* p —^£>iI o^l.^ (Jii» <ii— j j^ d?jtajj ^*uJs>bx4 Jw-^ybo X*** (S^ j\ (_5ji ^ji r 6 j-^ 

Lti c^l jl^ J4S"41 j j ^ Jj IS^*dL c^lgj ilto j! Ji~a jlr - ^! <il ^ 

j»»j!i tSiLft ji IUpU ji -(rr-^y V^"-- J ^ a z o^>- Ji I c\fr 3 b 3 a 

Cy.\y.^3J = 


O 







-= -V, 


(j 1 y 1 -J ^ \ ^ ^ 4,\a> i .✓ I y IaJ 


Vv * ■—■' 


J^[”' ? ''( v 'i^)!r' 


5jt jbb 6 jli 3} Ij L$jhy 


\ji $ U>J I J 


V x * -4^ — ’ 


-(V N • A)-V, • 


5k I j tp-ojb jlfj^-* jIOjU bi.fl {£ I^j I l_ ) I j^=r 

(j^Jtjj4~Ol3 V) Jjl 5k:>- jUj ^Swj-j 


!) 4A ^ ^ O ' rwj 
JlAO^gA A>iw -\b:>- 


V v -A 


?7T Jrt *. 


^s^p- ^1 .Jl— i‘l^ji^.4 Ij ^j— S <J I 1 p>s>* 4—r j ^•k-*’ ,$^ 4_$^ (Sj> jk 


I — I * 

(S J?> (J 1 ! ./{ 4.i j! I J>Ss 1 4k IJ J2 (j j>- L 0.0 b Ij\j j2~ U-7 ^J,/» l Jj O^J b 

jjji ^jb*- J- 5 I jl .OJo^a IJ <jl—J y>~ t> UJ J\ 4—^.i y jL>- 

Li k tSJ jk 4j JlS JJj IJ <-b b OJjvP J.J J2^ ijlOJ 5 j>- J 

jgjy> J'JJ] SJttf kU. ^-k-^ tSJJ b J^jy j» : >1 y 4 (^j^ o' 

/ jb _i j>r ^S lSk> jSjj —j ^k^ ^jI c£jj .Jjf <_£A *&* I ^ J' j5k! 

. ok ^j*mP ^ JiJ I jS\~aj 1 l)j^ <Cjk <J I j. j\Xi’ I i y Lj J JJ3 b j £ ^ JL b 

■^k J 4 u — 

jT 4 j bi>o 5k I j Lj Ij (f) 5k/ f j ^ 5ii j» A ob jh /i^^V j*-^" t£\y 

i ^AjS' 4wJ l^ 3 I 1 " 0 4 aAA*J,J l ^AA*J Inj l y 


lh J * dV 

firR 


pdv 

<**- y’we i? 


j ^ /e l 5^; ji o j p i$Lj»- 4; jiil J^l; ol_>?<_£* b -b bj 31 ^ ^ 

Jt_»tj L." _,5\ji ^9jjs> jl ,4J_3 I C~"l 4 j (_£j£,!_$ jl 4| J/ cS V 4j _^( 



nr j|Jb b 


pjV Vt>- A—5^ pi I oiJJ I ^ AI-^wj^lSs) i J^j Uj Sjl_ j Ji oUoXUl 

4—_j 0->U-^lL?( jyjl .pJ$^jl jS\i Jwli jiijJ x ^ J A j—i 0 '1 JU—J 

.Ol^j aI it^/o ljJ juA 1 


vv= -— 


O J 4*^5 Aj 




■Jbu 


V Y 4,= -|i./. 


r 4 


jli b) ULa L .-La I -XaI jZ~ Ji 


VH = -m o A 


V^ — — a J 

• o 



<jr^*Vj p^lpi^j^jJ ( \ V) <Uj !j 4j 4Wli>- JU- 

CpOji C-~0 4 j Ij 4z*3J J p*£i o'Ij 

yxH~J '{T°J) 

t£j1*X« Oj»^ ij I ^C/l OJj<^ jijjl C**0 4i 'J JLa) Ljii i^jllf t)lj 

.ijlJj UdJ Ji jIS^j! ->l J& 3 pi'aili jli; (^ o) aIsj I J jl j*a I 

i*-L* (_£l ^_.j 4—S^^g>ollj pLu A^$ p^Ai o\3ui pilaJU ^a /j}\ji to 

4 —A 3 B 3 H ^**1 lJuajUj j 1 p^-j U^jjl c-~*o oUl 

p-4* Jj \s c—jlpjj^ (jl-j pJi aj pOs jSi Jj 6ii^ l^T oL‘l .a;^^ 

4ja3l>- A t oLl (J*3J I aS^JLM*j C-^l ■X.^l .JJjIj 

aJaJ^U^ ! jl 3 pj $y. ( \ A) 4 K j U Aj Jl>- 

. p_jS**6ililt* 1 1 O^lvj J 11* —J Ji (jjjli j\ Az>\1xa llr 4 aa>J U-Sra C^jlipj- 

i^ljli J cl J J J>u.4 pA Jj IS^ dL ^l^jiilft (jlJL* 0^ ^i’ 

pjjb Ji aI*^Is Ji .p05"^ ^ Ji / O^^rT 3b 3 a 

* j 1 llj J J — o 







^ 0 (jd^ LS^J* l*^ 15 L—> JLi cj& t>Li 

4-^ bwl) l£S&-> 1 JjU-i* <_£V jl t5jbj-J j^>tA OJ_^> 4j b 

iib ia —j pj U O \.jal>t*A Ji 4ii Jv» 

V r 3 = v\4.6. + V x V» + ^A.a, 

CjI ^u>za J$ 'J.t‘ i i^ M , >C>«..* (j^«> (^IfiJsL* 1 4—>t-I/ jSj} CjLusU*.* Ji 

V^A=/=V r A r d r + V r A v d v + V^a, 

z c^I^jI obai^*^ j$ tS*$ I^ oLjLj <jl y^y* lSI>- ^t L 

^'*i .O^l ^4 jta^; Z J* (jl c£jb*>« t£jb y 

v r ^|,=v x ^ <n) 

Z 5il J* L$Ub yf C^f 2 ->«1)W^ ^ ^ ^*1 -* 

L*j .ijj j>- 

V x A x =o 

L 

1^/ ^ \ \ 

r dr V dr / r x dcp x dz x 

T £-jU iah JjL ^ 4_S*"p^^ (^f) aL;!j ojb OJUj ijji jS^aj J 

y m \ y. ^ -J -U> li 




«* I j I y (j> 1 31 4 >t : Ij J pi i J>- t j a\ i U> ^ I 

A = C\ In r + C x 

1 i p*A 1 j>~ p*;S^ v_j Uo‘ I j- = ft t j b ^ I 


yl, = C s lny 

0-**0 4i \j A tJ J* [**“^*_j A ^ (3i ^ ot"^ 4 4j 4^0! (^1 

(*iJjT 



na 


dA. C\ 

V X A — -— -a 9 — ——- a v =B 
or r y 

H <3 ^ 3 

C ^ 

H- —~a 9 

PJ 

> L->- l 3 


(j> H'dL — I—J° r a<? *r dtp ay — 


VnC s 


0 = - 


ft, 7 

Y77 




jli / b 

A = ~~ In¬ 
in r 


0 


^ (3* 3 

/ / 

-” f 

T 7rr 1 

•c^l 6^ ob jli; \ V-A b — 6a i£\j—i r ^ 

(£$[& jpr -31 \^j>- jj \ A \ 

W-A <3^^ *—f ^>-j_* L-; ^. A (jij^ ^.ta 1 -l^I 

*—* f 6 o;^ A> <^b» J>-b js Oib <ubi .c~*1 aJLi 4sLi>l 

• ^ ** i ,j I o >A*a> j> I taXST 13 o*XLr f6 <Jl^£ 



^°-A 

csijh 4_r j_a jtju <^u* ^ ji oi ij (to) ibi*. ^i 3 

•*ji cSUtJ j:s ^ C-^>- Ji I o^iyr JL»l>- J y.b ^Jaib ^Ja*- 

l> (J>3l j* c£^b jl^>- ,C-*-^l a*L£ i^>[>CJ\ y=: b j,i ©i ji>jjb 4j jA 

(5^1—* Ji ,c~^l \ Gill i y 4__5* J^_ji j^5\j ^la/ JJ ! J l_A ^ j jfiui 






J (S'- b (J-—^b J-5 (Jo' ij-J J=> I.O.* b*—S b ^ V‘A 

ob j=r -? b — ka jAf «i>i' ->^> .o-l «<a- eili jl^ j_pfc<» Jj ITdij ^ ^ 

-o-l qsZj c_j1^i.j 1 /* — b *1 ^ j^b j4 z “ o ( ^>' v j>' 0 -0—1 o^>* j— / 

ji j a z o.^ ^ omA <jA^ J*b ( + YS f) cm 

oLa:^ \a+aj* . — \ omA o-voj ^./L^ J-U ^ j* (+T, — v) cm ->^ 
3 (^f 0 7 °) cm (b-^ 1) :-i-j jjT c-*A ^ j bb ji !j a J ->'A A = o 

■o^l^o (y) j (o ? r, °) cm (v) 

0 p nWb/m ‘Uf'o'r 

J-i c£->b^ ijrM :k * -(bA _/ V j-fls £► A 4 *) Boast, W.B. -\ 

ls-^ [ (_^Lgj' j} ij 1 JL<u-*i Sjbj 0 *_jcj^su y Y o 45-e^A^ 

.c—■>1 awl-i lL->--> ffY ji 

2- Jordan, E.C., and K. G. Balmain «Electromagnetic 
Waves and Radiating Systems» 2nd ed. Prentice-Hall 
Inc., Englewood Cliffs, N.J., 1968 

.C^^j f JI '—‘^--j j* ^ o— \ y C.j ipxA*p jj ^-*aL>L', i^ tlj 

3- Skilling, H.H.: (^ r J~=9 £^1^ ^) 

(jC**' 4 y r—Y£ ji Qj»-)) 





ny jtJ j b h> 


JjL* 


jyls ji to.*-! o.xi citj jl~; £.\ j>li ji a? ijju=«-i J jbj ^i'L j*- iS\ J - \ 

•Xjjl 0*0 A> lj \>h (^) aJj 3 AJlfeiUo>l jljb — jw 


3 J^-li «-3_^ A—I ^ JJ J j->^ oX* Ji / — ^ A 0-w> 4 j L^>- „Y 

(Ji) :ji lj H -Ji u^ j=r £jb* a> L_a y joX o$>- Ji 

• J ^^ ( ° > 0 j \ ) Ji (<-■>) J (^ ? \ j o) 

IX. l£JJ oT j5"^ aT^ISCo ^jy jWji /= yA oaa 4—J ^‘Ij^- -V 

ol ^Jj 3 YHI jT gb? J_J J ijli jl J z — o ji j cJ O 


^XiS* lj-* [ \ ^ Y)ji b H -oX jl X*1 y 3 x C^^Jl 5 ji 

• XjIj aX*L jly>- <3^ Ji / aT 

<7. J#?- Ji <Jj r y— O c #=r — ^ 3 y — o 3 X— \ Ji U^-ij 

(t_y) .J*J i-U>. c ^ o) ji lj // ^c_ a! !) .J.j I \ oA jb j? ^b —■ d x j 

Jil | z | < A Lj» J*« Ujj;j>j ji a_, aaf I Jo ( °, o 9 o ) ji I j H 

ji i— &az j 1 j | 4 _sT^1p4j aaS*" i Jo ^ o ^ o ^ o ) ji I j 77 j) * ’X-^ ^ 41 a L 

. Jap lj ^yj^uA jS\j l.1^ 4j (^^5\j i (JjLftA^J J 4j^-*>_5 4 j ^ '— —j— £j 

ix* Ji I j 77 .J-Jjb jl j-5 z— + oj^m j r = ojvm Ji c^i^-ij Aii>- ji _£ 

Ji VA <J^j>* J^ 1 ^- 2= oJ\ Ji ^-31J j Ji JLir lJUi oUi:^ 

(Jl) ro^^r ji o'—ij>- J--*‘—>■ z = — oJ\ ji £ilj il\>- 3 d 9 

■XiU — ^<p (^) 3 d<p 


jj —j Ls jl l JC ~ A" <jj>- 1 j^4. o 1—£c^jl—>■ ^ — ° 

.X:S^ ia.j c ^> o < (/? j b 3 c) Ji b ^ 3 J J «iti:^l jl jU _ Jti 

^ ,< —»i iSv^* c^s ~*i j~“^” j” - * 1 1 ji a_, . . s ^ a>i>vj ^—-o i j ^ ^—11 ^i—S n^.j i ^y 

— Vx^y^Vx 4 ~ 7x<><7 1 ^ ^ 0 0 cos ^ cos A/m x 

.c-^-a f jV Jl^So'l jiJmoj — (y iY" io )ji 

ji i— j 7/ (° ? fc) J u.iaS^oil I J! J Lj - j^_j LJ J I ^ l _lsJ I) _yA^ 

i»l_l. - ji K— ojz = ° ‘ °<C^<C^ j* K = &rd v A/m csl^— 

jl—<j—>■ _>I-Xil» 4—>■ z = o ji q)= o ia^- jl (u) •- l r , ^(j:;* J " j5--o 

jlJL* l ^ — o j /*— y aaU- ji <s Iai^j 0 L 1 j^- jtai^ a^- (^->) ?ijai ^ 

?iATx*l^ il^_l jt= wa ^y. b 

z — (p f X Qf JT 11 T—Cb aJ i L.« L— i I j go j L *iiir 6 \y i£ i Aj! I o Ji - ^ 
j\Jj—* gojL I Ji ^ A JJ JJ* Af (^lAlij jb^>- dlj 3^!f Ji .ijlT Lajj^J 






A/ jl 3 (^bj*w> jl t lb jA L^I jJ IJ | (j) jf/ • d £, | jlblo .taV-iL 

(Y,°, — ^°) 4 '( 0 }^?°)^( O } O j o)^^bt£'4k»-oli (b^l) ‘AbM 
J : kL^ (^) -r = ^ ° ‘2=0 ajib (c-->) 4 (°,°, o) 4 —'(Y 9 °,^°)Aj 

•— \ <2<t ‘ _ Kj/<A^=° 
b H (<JI) <^4>- J-> / 6l ij^ J j t>- z — ^ j r~a i£j*l>- 

£ ^U->> 4_> oIj g-j tiij (<—->) -kjjl C**0 Aj 0^ 2 ) 

2 — Vy^ 4 * Z — — ^!\L jl C—1 1— a — Z J Jj O I J *S 

o^-l£-£.3y L_i J5* N J* I (£j* L- oL-ij^- aSL I ^jd Lj .xob ^lJz>l 

obzXb* l«A** ji b j/ J -Ul^ o^bv.l (3^9 (LsJl^ '9 £^b‘ jl Xi»L jlj^j> 

Y*A (f - ) aL b jl ^-iU (^Ua>- Q. L A>- t£l jj (^) .«b5"" I*A*j 

?c^i Y jl j^ 

ft** L> 3$ 33$ Y 0 ^ Y CHI ^ 1^4; c5I aj i j,*-*:I ^w*»» ^^Jcj I) _ \ \ 

j* -Ur j_S"lj | /f | *c^l ^ o rnA bl*j>- J*l>- J aJ-i 

Jjb a 3 S l^i b | H | (v) *^4 \ °cm oT Jjb ^ 

jl> j>- J^U- j \j\H\ (^) c-j LgZi 01 

C^*»~-9 aJS^jS" I .JL^-Ij c-j 1^-j ol J Jb 3 Y° A / HI *333>3>{ 

jfj^ji | H | t^i I $j=rj> Ycm J^biAj ^Ia 2I>- A5bj*i Oj-ii {£ 3 Jb (ball) 

S*«Xi J Jul>- A 4 I 5 - 

J^l>- J ijb jIjS b — 2 -J J*** d 4j 4 £|Aj 1 jlu>l J l>- J) Al~»JJ lit Y 

17 fj && bb> 1^ .0^1 K a a v J <■! ij^ 4)l ; <.jt 

.ju ji^ JUIS/ H t 3 Hy jIa; (l->) .c-^J 2 li <p 

(ti») H s — K a i r<^a a_T< jU; (o) H z =o l r^>a aT 

IjLj JaU/ ji lj // .^i-^) K h dy ob- ij —‘>■ r ~b 3$ <£j&t* ai^ 

z= — N / Y j r = Y j r=; Y ^4 j ti^-i ^ j^ t c^loj^ \* 

l_j ^>- 1 -j j ft** <-£33$ Y° o aA l; tjdl * ja*'j b 2 = 

b ^ (J i) .c-^l aJ^> <^L-t (r = Ycm 3* d z YJ^A oJ A? 

b 0 -.' 01 * j» ^ka>» A$^^j j j**pjt> ('—^) . J 3 1 £-{ j* ^k*- J) y* J2> 

^1J—®i" Jt^ A_>- J,/ Lj Ij ja»»J i 

^j'i/ obij>- bb Uj I C^O Aj C—au*-! Ap^.Sj aSL I L^lji >) 

.0**^1 j-L>- ^^Jbb <jj1a/1jI**! 

\ Y A-J L/4 Ji a5" ( Ji^\y A^ uAlp- Jt*- Ji a 3 Lw» jjlil ^ Jt jla/ Ji L _ \ f 



r\\ j ! «aj L) Loto 


3 i'-r’ V) 3 (<-*11 V) oVjU. tiji _^T t 5 j!a_« jj.;lj J| o->l #Jul 

•JiJjT c—o aj |j y jjii,, (,_. ^) j (.Jj | ^) 

tSJj il<y>-ly£i oL 0 >- oj_^ 4 . ( — a 2 c-*>- ji ) JToLj#- j 

Z—OJi Oj l$~; C?il* d>*i*> db 0~»—* Ai t — ' /^ m jl C-/ l^Lj 4; I J--.) 

Vb < 3 ^ 4 ; U z i£jj 3l rA ji^ji Jkj=r ■Al’ts’' j^b 

H jj*' d_^ Is Jl b .c-^l jlcSiU jL* 4, 

ttX^S" i-Xtj J^bL* ^L«j jj 

:o-1 c—I flXi £jjy Ui js j-ij o Jjv5 4, jl J l?>- 45"^.' I ^ £. 

'<y<^ a/ = A»fl,J-r<y<- Mn-»/ = -A°a z A/m T 

Jsli" ^Lj JJ Ij A -Ah^ -b>bu Ji J — o J 

c-*>l V A i£jI~a Jj*a>^ 4 _j J 1 4i_ ; JlJxj' 1 o-~; Y=.a ji - \y 

(Jua; j.w ib« l aS jij . 0-1 ^ y j‘\j. F JA^ilj* ^ji 4 TJ 1 >. j 3 

A/A>- C-~-< 4-JAa** <jl-< J -lib ( — \ J ^ f o) JJ jb>M.A jl j—^jd 'JJ 

•(VxF)(5lj-c-i^ ^js 

(v) V x G (<-4l) ' J j—i-> ^Ijba . G — x^y^z^a x AzS' IJ j>^ r j 

Vx VG*(^) Vx VxC(v) V-VxG 
i£j\Aa jyU ^Ja Jl Ij g (.Jill) : J — kr'a z tsl^'ly^l ol jj j ? 1 

■ V X H - «/^ dS^A^bi jb*.* (i^) I ' " ~‘ y 4j ^y* I 

^(•^*' a ts* J ^ °a y + fa, b ^—■'l y. I jt obj>- ^1 lSb>- (jj jl l; ji _y o 
F ui>' jI^ ‘yff= ^ 00 ^ (j, Y) Ji /l ■ ~H Z = o 
•(*, VjOM V) (Jl)?cll 

(v) V • -F = o ') :-S»L-o fLi jj aS^jj^ ji t p — p^ jS I _y ^ 

?cJS"oly,^ 4»- j? Sjb jj £ y x A = o j y • F = o (^->) y X A = o 

® ^ ^ j 'f At = - Y Ga J* *aXa % $$' i£jj | j y-ul 4* J 3 Js ji - Y Y 

F ” 6/* sin 0 cos* fp&tp oiA® o i oj^i^j j o (jp y?t j 

^ 4^*» i>o* 

Xxydy) Jl J^\ _rr 

(jj *l^ r Jj >" (^J-i -|-z Jj>^ 04 ^- jl ^9 C^plw 

^ ^^4^5 j! 02 liwl L 1J 4 ^a1T . y — c ^ — -j— Y* 

Ij XJ*l &T ^ Ai Jl^S;;l 

1 " —1---9 l) I I-) V X H L^ Jl I 4>««o i s? —I -YY 









.J—> jj I A >>jb j\J z~ f j z — r^S ^k*** 31 

A — 9d r /r + \ o(z — V)^«p + Yr sin <pa z tsl^'lj^l ^La^ 

,<-UA 

#— o y — Ycm 3 y— — Ycm j* jT csUij^ aS"^Ia<ca> -y ^ 

B (Jl) '.vju^^lk* *^*l — fca z 3 &a„ t^l4»l-jj>- ^U- l^A A Jjjta jI^ 

J3 ^aJ A>- U JJi J jk JO ^juAA** jU» Jl^jlj 1a (t-j) oUs^l )X* Ji 

— \ <y<\ C m ^>- l; 3 $ Jjk jU JTjI^ (<—>) <u^j 

jIAk (o) y j> Ycm A>-k 3s J^ J^lj J- s jU> J5^jIAk (o) 

* y ^> fcm A>^' ->- J^ -15-1 j jU JS" 

i£jj jLiLAj ^ 3 c-^^l rmm £/*-£ A ^U*_^b I 4 /T ^kU* aT^j IgoU - Yf 
J^b_>- <^S J aj J —i j I i jl J x— 0 3 * y— Ycm 3 y— — Ycm 

:o^j.il 2 ,A ^.j j y sjL f >‘\y&i 3 jhs aS' JjS — foci. 3 foci. 

j\ tJjk 3o~ 1 3 J2> jLi J5^ j\3ma _>) .oLc2a>=-* U^ Ji B (<A^I) 

jU JfjIAk (c_j) .xf ^ jjf ( — \ ^A <d 3 / <C ' J Acm) S^ 3 * y :i 
• ( — Y<^ y < Ycm) c£>b 3 $ i£\&jj>za JjA J^-lj 3 $ U\m 

ji Y 00 ^ A/m j 2 = ojYm Y<x>5, A/m c£L-$;Lj-YV 
j** ^>1 jT c^Ua 3 j^ 2 = — oj \ — 9° A / m jz=q 

J j^P ^j.*! ^aJ 4a"A 1* Ji j| 4^ r J ^ IJ Ji ^amaUIa^4 jL^i ^3 \J2* 

'^LS* 

I j J/" m o! • V m — ^ ^ A" 4 Ar'^* u^j~^ Y ^ a) lw> j L j>- a"Jj j -YA 

• A 1 ^ -? uz™ x 

^ J Alib jiz = 0 Ji ^ 2 ^ C^ 4 >- \ O A tlJ-U-J ^ tj^ Aflj>- _Y ^ 

oU^» 1 A- 4 ^ J^yb J>\ .? — & j| 

\^juj 2 > j—j \j —j 6! j!wAX» Ia — z 3 3 >** L $53 i£\*lza* A>- ji ^\J»Lj (S3 L*.* 

?C-wj I C-j 31 

1 j /\.,\ c5i^lj.1^1 ^ jl c5jb y J«Y^o 

4Lib c z — ^m ^ cp = tt/y ^\ Ar 5 "A *A^ A 

. U O WA? j 1 <iX j& (S3 3 SzS' S3 3 ^ 1 3 A. 3 A. = ° 

JI^Sb/1 yj Lkflj 3 A : ^°->^l c 5 jb^_f jxT jf (^ii)-r\ 

L Ij i y>* 4>tZj o>t^ ^ )) -3^33 I 4j IJ jlj> J ^Ca^j ^ 

Ji U — z 3 3>^ S33 £/= YA jiij>- ^ tlr^ J* 

L-J (p = 77 / f 4_>b^> «_kU; jl J^5> 1—>“ ^Lkw jl oiiil^l 1 —) Ji I jl 



rn jfJab Of^Uci 


2= \m s z= o j r~ a cm -? r= Ycmc^A/l^l 

ji (c^U/f_^1 cil^>=^ A ~e r d„ J;*^<jI i-Va^ t£l j. -Y'Y 

jL*^>- JS^jlJLi* J (*—>) H (^r 1 ) $ lj j4-3 

AS"jLi jrjl J.5/S (<^- > ) .iJ^^y 1 d z C*£!>- Ji Z — a 4>*iV? jl A^" | j / 

A*l>- 2 = \ J 2 — ° (j£ ^ l* — Z JJJi Ai 

ji j 1°°^ i —j j — 1 ij —j ojy <^ 2 < °jt v- ^ o^i j? fj} -yt 

a 1 ?ls>-jb ji 1 j Y m (<J 1) — ^ o ofl 4 c~**>\jt i— o jy <^ z <^ — oj y 
J^li* ^Uj ji ! J A (' >) Y m = o IX* Ji A$Ol < j*s>^ L J.J.S" ii-Lo C-^l J — O 

\SAztj-* Lc> lj .xiL A — ° i^y* ji aSoj I <j&a 4 o**o aj 

,C-<^I 41v-jA«3*-Ij <^Ltoj jA ji 

v x ( \ /n xt ) = - v x ( i /u NX ) “ R^/RY * <^ ; -n 

Ja^IZj AS '(£jj>s* p* J®*’ 45^J^ t£il* J>-li Ji lj c£jh^i J.-^ b _Y j 

ji .J.—ji jj! d**o Aj c-^i o<-Uj oili jlio \ y* A o I c^jli^ liji* 

L,* IA 4 .lA^L J/^ jl>- t£i^—to ^y>-jl:>- aS^ 

-3^S' p*0 J^-£> <£3J ^ 3 

( ^ f) aUU A_TJLtoJJ 0^‘ pj li oU>^ Ji V‘A (J^>«j ( \ Y) aLzj 1j Ia*w L; -Yf' 

. 0-^1 

(^Ia/ 1 p-*A< tLb ^jl>- Ji <JiJj3*^« Aj jt> lL*^j 3l >^>w -YY 

Y • 'i A Ji (i^ ^1 y Y A^y ^_>-l jA Aj ) Boast ji 

t £2 — Ycm <—Lj c^^A_j I g ; i p— ^ J_pt^ c£jj i J 5 S«—#bf 0 i 
\ 0 cm a!* 3 ^ Aj ^>-jl__^ Alai' 3 N — yooo i/=roJ\A‘ L=Y °cm 

g*j p —j jl 

Ji aTlSIaJIL* ^ ^jjJji^a j -YA 
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1 - Flnzi 


r. Friedlender 



£Uilt &$>* 

JJX* Jf* JJ J^i Ji aX ifJelZA 0U-* A 3V m 3 $' 3 B 3 H ^>lSi£\ Ji 

^^5*-jJ 1- 9 J*0 ^^jil ji tilj j-ft J>^i *-.*03 J^l J*5 <_£ V*AA J 

o^yr ^h,3j—j jST! ,»A;t d jjt< <Jhj yj la* j* <jlj>- £-* ^ £j j y 
c£^l jS\7i\ c-^i 4^>- J> Xi+x* 1*^9 klL* ^Lj I j A j B J H 

. 4a*«j l>oo p.AJ Ij^j J cJp- Aj IJ l^j 1 1 Aj J °yy 

aJ oI^La a) Lv^a A^*jAj aS^ j^j I aiLs 1 <Jl>- 

o\X.A J*i ol-A>A jJ I J3 ^£0 L^tftjl y ^jlj ^IftJjAJ* _ jjLl ?j 

1 Xi>l c^j Ij c£jIj dlj>- i jl^ 3j*> JL^I <a*pl ^Sv y5\! I 
^yj JcS 'ijij 3jt J t^lftjl Jsia a-Ujl (jlJL* A^JLo 

*k J J 1 ^j>>-^Aj (j]-\^,a <-^ J 1 C-S^ y**** L^lftjlj .0**^1 ^flkba A>«^/ kl<L 

kA.j 1^ — <(_5'°‘ ,J ij c^lftjlj *ai$"".$ji_j l^J I j~> Ift 3j*i >-ta 1 y (jz* ji* L£ ,iM '~ L ^ o1a*$ 
3\ j—3 j 1 <AJb jl pft ( y Jj^j jJ i_7 C^j>J ( j^j 4— j JJ) I i js^-J A —) (jlJ^ 

_rf 

j-> ij\j tjkjjJ - Lajj*/ JjI aIaj Ju25 jjJ jj 

^JlS^b lSI^'J OJj^Aj CU-I y5C^>a aT jLy>. J^U- 

jjkAj olji c*£y*-^> ^y jA ^ L*^ jl ls^-^ ^oljy>* 








rrr £ UJ ( ^jp- J jS J JA Ui* ^ L& Jj^j 


. 1 Oi-Li C—>U*>" I ^^3 

(_JJ-b>5^ Jj'l p-jl y^y O^- 4 jl ^y^l* c£^Lj tL->l jj| i)ji jl 

^| y j-i J <^1 &3j*> J flil** 1 t^lAjl*Xa J.JL>J J) i) y 

*f^r^^yoy ^ <y ^ *j>“ y-i jv? c£j!-*>« p4^ y>*Vl J 

X j**o Jl> J /> (£JjJ \ m \ 

jbjl 0j5 <il y y J* S3j4 ^ jbJ ^Snj I jlJUa J^<j!Jl^ CjJwJj tJflj yu 

_) I Cu" I J Lo 

0 

b ^aJ^aA j £ li J jb c£ljj^ <■!»■«* I |*A I tj jjJ 

c-S> .jAM+A jl A^ j& Ji J jJ J-iL C-*5" j>- J !>• Ji jl Ojb ^ju~*a o*-J 

.wVj 1 d-~0 Aj ( \ ) Slaj IJ 31 jT 

l_j jlJly til ji il^sO jbjl oji til A$"o^l e:>b ol^j' Ajy>*7 

J B ->^ (J L5\>- 3 JJ oS$ c~p j*> 3 Q jl l a5"c^I y jy* J^>w» B b^>- 
JJ „)b^* 3 Aj 3 (2?i ^ I 1aa/ 3 j JJ (ijlAjby yjj Aj 3 1 3 jjA#mo> 

!j j <y I y b .iy^y JJ X B c^>- c^IaS^ji jb ^ L ji B 3 

lU Jytf> Aj ol y y 

0 

.SjS* <1> Li 

C-»1 ji S3 j j ^5 \j ySJ i {^t^/I.Ay y I y *ojUj til J l>- 

U I j—3 Oji cjj J>- j-i }y^p 4^" fJ>3jJ J&> Oj>- jl$Ci I jbjl 

^-§li OjL^ 4 j <.J—&,i j^j Ij oji C ^jaa djIJ/1 JJ\ Ji A^-J 7^-Jii Aj O j3i ijlj 
J ^ti>~ oji —i I jb ^-j y ,>ja>.p Ay^A jby 

5o,i Jff j\ .C^~S iS j>Ca fltji Ai Sjj l JUl/l 4_j j^li ol_J j|JL« 

J 6ji cSj>- jl ^JjJ****^ A«S"«-US" ^j.a 2>3^3 y 3 j * J 1 

oJi j jl^Ay ^yj y* I <JiLj cIaPI yi ly Uj 

^^51 y$3 I oly 1 ^Sb yj 1 ^1 Jjl aJ lw» 

olL»* ^IjT (^tvis jbjl flji c5Jy I S33 1j 

j I sW^ A 3' LS ^f J j-1 1 J-5 iJjl <^l j—i y j-« c5J jJ 


F = QJJxB 


F — QE 








fff 

.ijji Aj £.*>• J^l JI aitb*'! If cJ j^**j 4f jl y (j* IJ 

^ - - ™m . „ ————-■ 

F = Q(E + UXB) © 

c£l—kjl-b y«*7 c^l J—> 0 I <J»- 3 LL^l ^£,3^ ^A^\a-6 4 j aLj IJ yi ! 

cj^* y** Jj^ 4> I—f, ^jj^j^iSb/d Ji y c^b —3 i 33 b Ji I 

*^« f jV u ~Ll LjLa J ^jSvj I y l£ 4'J"V ji jbjlf olji 

i 5 ) 

c-p^*** l—f a— r o jy © (^ULSi jLj dL_j j —■i j—*y _ '> ajld/l cl-jjj! jiix* 

(v) J £ = Y°(a,. + a 2 )V/m (Odl) ja fa x — Ya y + ?a z m/s 

.x:S'^ c^*- a y> B j E (<^) j B — 'Ca x — ba^ — ?a. Wb/m r 

{fyi \ ‘ A->^A * &■>?? ■^•^yr 

i 5 ji Ji'J a i£j y 

A_j jl y Ij Jnj Ij dJ—> Ji E]j>c^ jlijlf Sji dL y y j* £3 y 

(^-^*1 yo y y j* ^ir *jAO £3j^ 

dF = dQUxB © 

L^lfcjl £}lj i1d*> jl CJ-Jjbp jtf ^b-Jlyj i t^Svj j-3 J^u* 4 J 2 A 1 jl 

ji* aL^ U j I ji (J I i Uj 1 aT Jj i oi^lTJ bji I 1 j <dL>-dXii^ 

<_£U&^j*^> Is J& ( \ ) A^f 1 j ^Lj !yy (£3y yjy b 4d~*1 jjf LajL ^aj 

dAj A—5 ^C-a-«a/ y 3 y A>tII/i L .C-^1 bjlf dJj dij y .ijlj 

^>-.9- j__| ijlj J£j ^^*1 jii jl y ^ <-y J& fj+yb 4—f .i j3> ^jlj l^J 

iliAx) (£L- j^>c^" .i—^-9^—ji Ij iy*y.3 l) b - ji l£3\3>aa j| 

dl> dl“ j—i ijlj £\ —AJ y ^ J-* 5 ?*' 4 Ijii £ 3 y 3 0^1 y3> £\ AA/li 

^yj Ji i j>-jfi y3i (_^lfc4j‘b 

<.X3^J>~ Ji c£ilfc tlL jJ^-li Ji A^Jldlf [yjj&l L. cSU»jL J\ Jl*. 

o jy »jlA/l(j [ al^*i j jt*a^ a *— ! , J j-j s\z OLij o\y^ 

jU ji <ji\—& J—>-ta Ji l$> j j^O I ojb iyy^ «iJ>-jS' * j IJ—<’ 1 ^ lSUj 


1. Lorentz 




rra 


3 OJlAiJj !} j£<i lS->J; 15^- ! j I oj j 4j 45" j>- jj ^jS U 

ijlj t^/j^SO I j > ^Uj^ 4.5"l^- 4 jl^ .XoU ^ ^=?-_p 

«Ji*» j-f I y yj <Jyr ij^ js" 3 J,^<y ^ t5* ^'i x ^ls a 

3 V 3 I <jri J J La J jSso J J> jl .XS’"^ jt»ol J-* j p lS'ajL; 

bliU 1 ^ jj I »iAa*S - " Lp*“* J Lfi^ _^! ^ ^ ^ 1 

C^l^‘^-jt J 1^‘jt^koU- t-£J^* ibrj C-^k l§/j1 Jib clS* j>* ji 
(_£ib k J45vA-*i 4j iS3j'? <-^J J <jJ ) 4 j .Jij.S - ^.* J^l> 4$Jj* C~j J 

Jb-I ^bjjJ jl jABj I ^ ^ t^bj^j>- L^l^jib ji '-^J^’^ 


UjL 4JU>U J J .c-^i l£^ 6j!^*l Jj U ^P L^dJ ^ 

j)JL« ^_j ijM^P ^ 5 ^?" J - 3 c£ib J 3 ^y^r Jr^*b oj 4 j ^So.aSC ji 

4_j ^j I ij>- J ^JVjfe 4 j jtdj ^jI .iijS" jk U/ ibjb cpp j*» J 

~-~ | .c—^ I ^ 

^^JUA \^£> l A J t=J y*+Py*fA J {_£ Ifc J t j (,£ I jJ i J (j Ia j L j J \ . ^~jSv^" 

J l_A$^i:>' 4_ j j?(_£ jlw-^ l£^ k ^>- 4$"4>-^ 0^"»J C-*^lK^ Ji 

jl L J^i jji .ib ^.Sji <iij ji Igj'T JL-a ^bjbj L_j j! Jj'j* Ij I 4 /J^:SCil 

.i^ c£ib |t-^* ^ p k n ^j j ^ ^ c^-^l ^l^jj 

! J jb j)1 y 3.1'S Jb y 1 jl 45" Jj bj k 

tjw j I Jla>» lj (_^,a^ Ul« ! j 6 ls^>i J 5 * - 1 ^ tJ k y? 0 i jJj 45" <_£i j i j-aji j db j.S ojLU I 



4_i C*Uja tl-T^ jr-il Ji j£-b uJ^L Aj (Cjb ci'W 1A JC4 

. jjj I ^ ij>*j 4 1 (c->) ji ^jl£^ 4—1 c£^— ajL cS^jO- 3 (<Ji) j-^ J^b 

Jl_ a c£l_ ajU j jl ol I j cJ L^>- ji J c*^l o<a^ ciii (jb-j a — 5 "c£jjb; L.a 


'-* u 8 *** 




J I i^jali_>EjQ 




^Ui.jysai ffjr 

j/; 3 Ji>t» ^ Uj J ^J OIJ j I J*£ 4/ 1 J j ^ (J1 J'J Oj I »—-9 jk Ji 

| . ^ j IS*" 4j 6 fl»A *sS" 


iiAi jS" I 45^ o^ jl 4.5^.( \ ) aLj! j Ai p»o^jj (JL>- 

I 3 } jJ (.^IjS Ja> J5 Ij ( ^3j~Jk\ \ 4aJjI 4:*0 ilI—J Ji iJ J>e^* J l—J 

ijl J ^*> 0 - ^>- j-^ syry* c$l£>jj^il ^c~^t ^yUj j^* ^ 

<_£J J&> Ij <^> J>-b ->■* ^jlj js^c- vih J^l ^J .:> 

c^l^ol&jj j$* 0 ^ j^~ 4>-^j I , -^ 1 ^ 

* i jL^>- ^J^t>- 

jl —j i5s>- c, +&J" 1 Ij ^ i^l j^j j>~ ^ i5\>- £ 

cJflj 


^ fj -.>■-> 1 o .- p/j «j> 


j — pU 


£)Lj yJ jL< l>>- t_*^.>- ji jl j> ^ Ij ) *lai Ij Ji jl; ^Lu/IjajA _jv 


J. P =. o) 6^ (vm^J 

dQ — P dv- 

l 

dF — p dvU X B 


.> s 


(j l ^J ^ 


dF — JX Bdv 


o/ jl* fr !jio j^aP <±L jl j' 0 Jdv & Ji 

4 <^i 

Jdv-K dS-I dL 

c^sda^ SJj* Ji jl0 ^-O iSJj^ y (j J J ^ J 


dF = KxB dS 


0 


iJLjIyO c5l4I^J jljj^ 







rrv cUM '-Ay? 3 it y i£{&Jj^i 


• ijJ J IT A? 

4$* Lj dL (£JJ J A> (^) L (f) b ( Y) -^j liJ jl j> I 

O tj 4^_J ^ (J ^ I J***-! 4 dll l —j JJjLj AZ^j lj jl; c^*6 ^SXt.A 

•j^i^LS^ °**° Aj 1$jI J 

F = f^JxSdv Q 

F = J'KX BdS 0 

3 

0 


old-*' 0 fj pyp l£.sI—& til-i ^J^^(v) k, (t) 6^—; jlS^4 j 1/ 

tC-ijS^lo^L* 1 4:^.1/ 61 y ^ c->-l y^t tyyX 3 

© 

Jj I c***o Aj ^jjb ^gjLjri jl ^ aS - " {^ i aLj I j jl jjJ o16j’1 

F-B 1 L sin 0 Q 

jLi ^ l5^>- 3 6l>^>- ^*4^ ^j* A A—S"0-6 L—kjlj ;jj ^1 4jj\j Q aS' i£jj]a 4j 

$ji jlS^Aj 6 f y az~*j jlx* jl ^^^9 i£\y lj Ij (a) aJ^U^ .Jul Ua >3 

y 4J9 / ysa Ji Ji> L J*/ jU, <Ltfj ^,1^- ^ lw> J.$ J 


F = lLxB 


F = § I dL X B — — I (j) B X dL 


r-\ &.y 

z—o 4 ^j 3 v^ axX 1 eXi a:=aI^/ ^ TV cm J a_j <_ 5 lc^ j cS^l* tib jl 

. 0—6 l— tt>jj>*A c 5 jI ja 61 ^tA*^l j olv 2 i>o» IX^ j —j ^iaiva 61 ^j* 3 j !y 

Ji) Xil O^- U (^IfcAj Jup C-4>- Ji T°A L5 J *^0^" jlX I ^ I 

^v** ji B — \a z Wb/m x 6lx* -? (p~^*6T Aj _)_ 2 ->>>^ jl <_/j yp 

c--t^ J j-p** Ail>- <_5 U \ sL-JjS’" JjL? ^« }sJ I) :<SJ3 IJ 3 j~} ^l^j-? 

4 ^J ^»Uj (^JJ (v-j) J XS t y lj -J- /p J j>-^4 4_5 > CJ JtL6 U # 








^UiOjsQf 

j'j-j v -->■ y. o t fjAa x ‘ °->9 , a x -hi L 4 ^ 

f-A (jS.jA)' 

J I tibk* J3 A O-Li A_J Ly>- J>1>* 1—& — 2 Jjox-* c£jj e^AIij 

J jhj^i Jy <S^ji (<—■>) ,IJLj 2 — o 3 y ~ \ «k>- b 5 (^aH) 

<3j— s 1 ^ c5-?j (o ^ ^ ? o) Ski* ji aS" b / kxa x obyr ^3 

.ayTjl^ii ( \ ^ ^ o) Ski cSl j> b (v) (v) ->b* 

oT ji a,— 5" ^ oij ji c^-3 jT ^ jJi%^ 1 — A j —^ 1 (°) 

jj 1 C-^-i Aj c-^I o <^ # <^ \ oo 

\A/Wa z ^f^ILxdy o L (—d x + xa y )l( \ +a?) fxWb/m r 

(jj j^'Jy^y y ^y* 

f^£i) £ ^^UhC ^*0 f A 

£_j J j; dL Jj kl» y IAj >k yj ys A.J L*/6 aS" JU> ^b A/a 3 ykd* Jf Uiy4 ^j£;u 

y*2dP (iii ^—j y j..* <^j; J * A^Ou-'l y5b>» J^> 4j y>J C^*~$ Aj ^SnO y oIj j>- 

l J i^uApkka ijlJy 4$\> 1 ^—j yj tS A'd^ L>b j>- <-***&-y Uylw> IJ jbys- 

IJ J l5^^y**kbA/& 6 by j^JJ 1 ob 1 O 4«jf p.o_^ Uol Oj5^l_jLx:>- 

aLj Ij A_ j Ak-^lj ^-\i y*! i^jS>~ A_r (jLi; J A__5\l^Uy jyS^! Ju-T^y yob 

. J.* l>^j I ^y 

j! \ aLa/ ji ^s ^L> j>~ j j_Jl ji Y Ski’ ji ^u* ; ktiA/a ijlwA,/* aS^ pj Jj i 

.-i-i 1 ^ C-*A^i Aj ^i3 Ak 1 j 


^// v 


J\dL X £Z^ 


\v 


f7Ti?^ X 


31 oj U o L jjio jt&sC' tiL j> y ja \ yi~ iS $j+j lH>- 

dF-I dL*B 

dB^ Jdjk pljifjf jl^Ai v_*JJ> Aj jUa] .VJ^ Ji Ij aLj ij ^1 

1^ dL^ 3 B iS^>- ^i bM <ki jb y 1 cY Ski u k^/lyo jU 

Y y j^y 1yo jlJ^i j / dL (S^ b 

tjbk' d{dF r ) ^ Aj Ij 



TTA 


Jju. j ' 

o'jt‘ ° £ a x ‘ oJfo^ 

iljT tSU^ ja &a, A 4 -; Al* j=f J-*^ I—*> — z J J>** l£j -> iS 14Ii.J 
JjUj— 4 (<-->) .^JlT IJaj 2 = o j jf= ^ ia>- ^!wU>»l Ji U 5 (<— 4 ^) 

l 3 ^—3 ias^ l£JJ ( 0 ^ \ ? o ) aW j:> 4$" Ij / hiXa^ e£ ok ^k-Jl jifO 

. j1^__So ^ ^ o ^ c5^ IJ («—») C-^~£ ( i, 7 > ) C^O 4j .sjb j\jl 

OT ji 4 .—r f j* kij 31 c -^3 jT ^ j—• i£jj—* I = Y^ A j —^ 1 (°) 

. Jj J J 1 C-***0 4j I o <^ # <^ \ o o 


\ A/Y Y<?- <> s l^ILxa^ o i( — a x + xa s )/( \ +x : ) fiWb/m Y : ^'j>e- 

J;/J4aX 

£-> j_^7 *£L Jj Ul* _y l^j i?jv^ j>i 4 ] aS^*A* i J jl*-^ 

j-ufilP j j J $ A 4$^ C-wj) y* 4j j>Ci J2> 4j y £ilj j>- 

1 j ^^Ja\iko (jl-L-a 45 nj I ^_j {S j5\j^ j)k _fr j 1 ^ 2 ^ 1 __“>*jj L^i*w» Ij okj^ 

1 j j iy ii^< ji j.5 j j i j I—* 4__ t ‘ 4._y jThJj*ip’,ii j j)^ •^ vj k <—j 

4I2J Ij 4 __j aLvj IJ j*J& I i_J-L>- 4 S^ ^JJO (jLU 4 y j I 4.Ul> ^ a .i 

. J«a l>t/1 (_^ ji a Aa^caJI 

JI \ 4 k ai J) ^ \-tjrT J —»\ Y 4 LS/ J^ A^ pj io 

. wU ! O-^ 1 ^ 4 j j 4k; IJ 


dH^ 



dL^ X a R 
in tR 


\\ 


\\ 


jl o**>l ojLp jkj 1 ?" ^ j*t* j^ 2%s ' ‘"k jf yj A I j*i$ <s*j4 

dF — I dLXB 

^ lsk>- dB^ J> jU ply ^ jl^Ai 4j jU4JIa^ iJ JA J^ Ij 4kjlj ^>1 

dL y J 5 4j Ij ; \ 4kl* J.i J I JJ ^Y ^kL* ji ^kr 1-0 ^j^i^ J^ 

Y jj I S J^aJ ^Imaaj I i JI -kk J |t«> JI «-A^" ^a J d L (*£ 10 

jLl# d(dF x ) ojj4j Ij 



m £UJ f 2 ^ Lb 3 il jjx U xx, (^IftiJ j^i 


d(dF s ) = I^dL x x dB r 

piJJ't s A A > |J ^ lj - S-r On 4 dB x — fl o dH x oy? 


d^O i 


d(dF s; ) — fi o dL x X (dL^X a R ^) {j^' 

-j c£^Swl jL Lj jl^to yj t£3jj j£LiL 

F ' =f. x f- V<‘" ,> " ] © 


^jLlo>! ol^ L JLi JL jo oj>- 3 c^l aJL>^ (y) 

o! i-^ 1 ! j> {* j V l) 1 _j5L I o 1 ^u> 4 j 1 j ^1>-b tJ 1 I ^.a/ I vb L ^ 2 Js I *A-j 


\ ihZi J2 j^S> jl ^*iL Y aL/ 

ji jl y ^L a_j ^Jj ZjS p>j5.‘ y>- Vd ?I 4>*y j^b 4 j Li 4>- 

A —i tjij^ 4jb>L jj-J 4*3 b i£3j+' 3 3^SLiL*A»l Y aIsj lj 

<J1 j5siri .,5jS^Aaa*iI> i > Ij cl*- 6>J ! ij ^jL ^l^/t— j^>- ^J>»U- j d aJLLs 
J j < 2 ^ y <-*■** L Jaj 1 jj cjULiaI ^i J dL O b U^j-f 

cSjbi y I Ji tU> j* Ji i _ s ~J»bi* jl-b» oJi o_.»- Jj £j dL^ 

cSjb* ^—J j __j_J 4<_jb_s- 4_S^ i^»b £t_«j>lj IJ_a—S C~b / J Y 7 ; d t^jb* J jb 

"C-b J 1 J* J ny/fird N 


o!.j** 

<-£W J 'b fT j ijli jty z 3 y bbsj J>U ISJJ aljl isLsi ji a:J>j Ji 

^L-*j i y_$ i-b jj j> j* ^J*—Jlyii t£3jt? c-*J j I (I _ j ^Ji 

J (°, \, °) Ji ^ 5| j \ mm j jfl ^ (°, o, ^) Aki- (<JJl) :ji \ rnm 

(°» °> ') J i 'mm y&* J\ Ji (°, ', °) (v) 


/ AA¥a : J °/pN =4;'j? 


ff 


jfcU cSJJ jicSJjr^ J JjJ f 

.j*.jdijjl d~*0 A> jb^P- {,£ jj J JA S LibJjJ {£\ ji ^Ji JUxJ Ij 

i J1 3 (Jj aLj i J ^S"" 1 1 J l i^jJ 4 ! J _J*^ 3 l J j.^***> O l ^ l J dJ ^*1 

.|*i J&i J& Ji 'j Y-^ (^) A Mj jl-k «^d j* 

F = -I(j)BxdL 

jl Ij $ ! J-J ^ OJ y* jJ Ji ji o>-1 jl$v Ij jj-iLLx* jU> ^ l£>* 3 


p^T^jU*- JljSo*! o^^Ap 


F — — IB X (bdL 


p_J >Aaa1 A?-J*/0 cj^“ jaSs! 1 (jl J*.4 ^1 ^-u.J IaJ AkuaJ (S LJ l jSLl 1 J jj Ji ^ jj J 

jlJU* dl_ j Ji c^iAli’j 4 *-«j jiA_is dl j_j ijlj t^jjA JjIj-iL J (j) dF = ° ^ 

«CJ^i jAv? l£jL-** o^~l J^i 
.O^aj L! j! I ^ S3j+J JUiU C>>-1 jjC (l)l^> jS"l 

<_£l_fcjlJ,__» A_j C~~*> *3V ! J Ll->*1 jl£o C5 L^/1 JIjj* S^ j —> t£Ji 1 

jb^>* t5v>- t—Jl ^jxIiuj cSl^/l—j J> C-*J jlA_* ijAr>^ AI-i>J 

j! «iL jA ^ ijlj jA o j3> |> : «aCj ^ U<CJiJ Aj jb j>- J>\ * A A I* ^k>«>- 

Afc! j>* 3 Li JStfA, *» J CJ-v-l 4 Jli oili jlwJ Vb Ji A^^J^Ji2)Lj& tl^jl 

jljv“ Ji oLj J>- A!^J jlwU ^ ^ J^c5Jjjjlji Lj .i jj 

,C-A**jj j£L-j2 Ll-%5^1 

.o-J jiv^ c^jlwi ^15" j jL Aj Jja/ _ j j hi*? ^ j cj-^I _yu^ Jjaj a>- 
(_5jL^-< jl a JI J_J I A. — fc-A-l J L j* J^> Jjll^tS" b ^ J*} — J J LaLS" 

Jj! Jai AjJ<3 J ^j—AI (S3 jt j'ij^ Ji J Jj-» j!ijJ ^Udjla;l t-J^^aLs^L- 

fjA! S33^j 3 3ji jli ji 3± j* y, ij-^P J^* — jjL-lf jli y m 0^> .C^l jli^ Ji 

4—i jij J>-i jl Jjlj Jj-L ^ J CUvj i^Swjl J ^aJ dL C-» c^>- Ji J C^aa»1 

e- j l>- uj j^4j jl F{j, A ^ JJ^^^ .i jaJ> aJJl $j> 3j'? jLjj c-jjt 4j 

>$J> jL ^jL^ 

T = Rx F 

A«J J ^ f J»l l51aj 31> ^ F r J F n cSJj-i Ji ^c^jJ /l 
Aid I JJ \^A jSS ^>- Jjl J Ajjd ijl J ijli ^ ti 4^ 


1* Translation 







m 5 Uf 1 &£>• J Uao i! i^^-d^Ufca j^UfcJ jJ 


T=/?^ X F^ + R^XF^ 
F, + F x = o 


T = (R,-R,)xF s = R„xF s 


o l5sj I 


4S"<j$Jjk 


at I jt b J 


,b V ^ d* d ^ls a F\ 4 - * J j—^ 4L2; = (i^ N — R^) jb^j 

l£UjjL ^1 j> lj I>-V^a aS^^JjjL .c-*-»i R^ J R^ jb yj$ 

lj ^JJ Jit -ddl_J jflyS lSjL*a JfiSJjJ aT^_^ d 4> pdf^jLo’l j i{^ ^y&| 

*^b ^Id aj 4j j I 

.Ji ^ia/ Ji lj dS Jwfl Jj j dl ^2i! J dJLfc <^JJ Vb c-j^L 4/ {J 

JdlA ^ LJ l2jj J*\ jj>“ <ddlj Jdifc ji y JA L $5jt* ^ dM y <j^ 

odd JLpI (j>jjJ (Sj jl jld5» 4$"*j5\o c£Jjd , * :> j^(3' a b/b o4j ^ hd 

oijlj d)l j—{ tJd.jA jljji j y*.* oLSC 1 aIwj^ io^l <JdJ& djl^j*f 4_ { 

\ Y N-m <djL*-- < O JV'rn ^ (5JJ foN y\y yj jJ <SJ 
j»d5"* y> j-5 jljji <SJJ lj Id*- 4 o1^>- i JJ I C—O 4j jl^7^a lj |>3J y±\ .0-^1 

b ^ (J-Ua Ja**>J 3ia2j Ji li t^ijd^a j>td> o ]SJ ( m 49 I Aj \ Y N. Ill 4>w 4 j 4$""^ 
ji ildl 4 ! l—4 JdJLfc L?JJ 45^(.5i4laa> J^ Lj 43^1 4j ^ ]NJ , XT1 4^^ 

, JdL> 

d**> li A^AmC? pJt lAj j+t j£ I t*-J b"Jj I (j I d*y4 L*^ j ■ I jS L 

•*J^{£* <-^^^*1 bob^i (^jL- 4>=Am£> J^ j jljji JJS^ 4 l5Jj Id*^ ^1 V3^^ 

—» JJ L>mS* |»*A I ^ g-* 4 J^*J —■ J J U 5 * o J Lj J^ 4-a jd 4 ^y 1 lj 

ji AjdL- * ^5 sj ji lj $ ^wJ?L ra jld^ ji jb^>* ^.JLw/ljdi 121?- dlij^j- 4 
d* 1 y j # t^bjt£ji^» aTaII?- Jj^ J Y A J^d) ^-?b jiy jpy 4>d^> 

.c—* jI odd jjdj^-ii 4_2!>* ^ ji t:^ jld—^ j|d—L» ,c^1 dy j dx 

jl J?L-2 j ^L—J ji lj ^ jld 1a jlja— ~> c-^l ^-JU/1 j —ao 4 21?- il jcj I j y^- 

^‘Ijj^J i j J^S" 4 j i?d^j Ji jdl lj>-) ij>y B c^jb*> 

C^L&Jjb id*-4 4S"J^oljl J C-wt'l a21?- jJ jd J!f b *(Yij-/ 

.|t»d5"u-»Ut*jl a21>- j* j^ I j 




fff 


7/ 



P j 3 ^^S . jjl lXj-A | 


yu m s SiU ^ f*\ JCA 


dT = l(dx dy a x ) X B o — IdS XB ^ c—I o_>Lc 


jl c^l tL>jU \ ^ ijlj cSJ jJ jU 


di*\ = / dx a x X B o 


L 


^ = / rfa; (B^d, - 


ojl.s <ul.il £_1^ <diij Lr 1 Ju* j! ^y&l <ui>- ^1 (S\ j\ 


R,= 



li c—■! jjlji J S'jj\liSji £ 1J> jji I ji-4-u j 

</i\ = x 

= --ydyd^I dx(B, y a - B eZ a s ) 

\ 

= - — dxdy IB oS a t 



rrr c-UJ f J if ja f^-yJs’Uio ^Ufcj jJ 


Ja\j>- 3j 2 ijjl —» Y p4-^ C j ^ 

dT r — R r xdF r — — dy a y X ( — 1 dx a x xE o ) 

= - ydxdy lB aj) a x = dT s 

3 

dT \ + dT T = -dxdy IB oy a x 

pjjb ft Y £^U' j. Jy ijjjJ.jj jl 

dT^ + dT f = dx dy IB cX d y 

l; 0—1 iSi\-A sj-Jjkdsji ]jitl j 

dT = I dx dy (B ay d y - B oy a.) 
ib <ib L jljJ^ U J^b 

dT = I dx dy (a £ X Bj 

li 

dT = IdS X -B (\) 

a*xJ* (Jsi—>• i? o 3 c-*-1 oL-j^ <”1 jAo aIU- jb jj dS jl J>* & 


^gJai 33 jjfcl? b 4il>- tSjb^ 4*i>- 61—>J>* <—> jJi JU>U- JL- 

(r) 

j—* m 3 ^3j^i I J C^ij=r *&>- j—> J y ^L-Jl yj2 (S3 yj-33 jl y^A ^_\ y\jj J 

m3j^ c)b 

dT = dmXB (r) 

ftj ^Ja3 3$ vili (S\y lj YJJ 4 jU?U- 0jb/ ^.?l 


dm —I dS 









j£i | f f f 


L**/« 4_j l p**S" ^ \ A'A*- 4 m j'~~ > I I-) (J J y A j^-j-? b^s" j 


dT^dPxE 


L ^J(^ 


i oL_i a 21>- a 1 jj l£ 1 45"»Aj t J& b/ (y) j (^) lsj\jj 

1 > 4&b» i£jj j— ) j* j* (SJ -JJ \Zz& . J— i I L^> iJAslvvA IaAaL>- Jaas 4/ j 

,J> I ^ 0-*0 4j ^) J ( \ ) Jaf i JJ jl Jjb-tif L £tJow> <w^iu*>*J aJ ^la^J Ij 

Ji Ij B oljH 4_r<_£jji> 4 j pO^U^A J*jlj*l* Ij ub J>- isd>- Oj>- 

4fll>- dl _I jt ^jl J <_£j jJ« JjhtS 4S" $ 4sja**> ^>1 ^jS**A Oj Ij J 1 

Ij {jc^ A w-&L\y^ ji atj>^i 3 ojl^'l L ^.Vi„>ft 

(V) 

<_£ J jJa <J 1 I J>- 4 aL>- ttb Jj jjj* <J>J blS" b 4>- y Ju It 

t*,-.^. a- pjb 3 —JJ bJwS oJj^" (.JLg^l j I *1^,4 L 4jA>~ jt L L 45" 

.J^Ij 3^yC i£\jt Jjj JjLJj fjij 


T = IS X B~mX B 


Ym J}^* _^~' 4 a y ^ aA ^ 

_j(J i b I jj-*5vj ^>... A jj 1 hiuij> I j> j 1^? ^ —j— o jV'm 3 

4i^b 45" fjjjr^ *Ai l-> B oj.-s ji-u l5jj <■ oj^ ]\J,rn j>\j> (JjJ 

B*y= - °* Wb/m r (v) J fl B , = B ay (-) ^ o =o (J!) : r ^L 

j-i +ojYA^a ir — oj^y t + 0 JY < \^(^ + a jr ) ‘ + OJ ^^V^ a; 

Wb/m x ^ 

^w : L> U*» (jfJl : j» I oL ja I j ^j^>- p*>l Acs' 4 ^ ^6 

^^ j ^—ijl Jisj pj& c^JJ i tli—i oU Jj*a 1— i Ci^yr ^-i 

.p^S^ijj.i (^IfljlJjf li I^j" f Jy Ji Ij ^MAs\lkA 

cAr ‘-^Acs' 4 f 1 *' J* oUl^I b Jais Ij ^ ^ A 

t^l^jl j^ l^/ 3 I Jr** ojj^Aj t pjl S^L- ^gi j .5A* 

4_jA j * -? (A^* b-Jj 4 -j (.AJ" I Ijjl 4 J— 






rra clflJf i jr* J ls --v1^Ujw it j>g i5 Ub J j.j 


Ol* *—L"J^4jll>- ij^"j1<j-«ji (jjjZ5\J 1 »i_Lal>llJ I ^^tJ>tJ C—i L^»j 

(jjl aIU- Jz> La j oj^SCi I o!>L-ji jlj j.>- o£>- a$\£jj!?4j ^ 

ol-^* ijb ^ ijb oi j* (^oL- o i-^ jl ^3 jj jj List 

jjliiS ^S I ,ijL c-4>* ^ ^jUz o! L I j <^jf jj 1 jl ^j-l; 

iSJj^ 0 oL>- I ^Lj &S~^+Ji ^4 A>t-Zj i^J i^ ^ybLall^a 

^Lj i_^J» JLpI (jl-t*L Ij** AS^jUAi^a d 2 ** 4 

ij^"J |i^“ a5^J-^^ ^ L* jl jy ^-~>- b aLL’ jfi> Ji Ap^xu oIjl* 

. JJ» L az 3> ! JJ 

I^L lw> ^ j> Oib JK-^ 4 ? c£jSJi jjLif^j 

cr^j^ Ji ij^* Jj^ >t '* JJi 6j) aS"" tj^^T b oJjJ> ^yj I a^Iji I 4j 

C5 >4 ^^ cs^^ 4 ^ i j? 1 j—* ^ J JLlS”tfA —j y m 1 ji L j o^ 1 

oLs^l—ij c—^1 (OV Ji .J—> I c—o Aj <j!aj ji ti-j iLj 

c-*>>! jjSwa <j j^z$31 aS"" ib oLj <j1 jZi U i^S^JJLj ]j ^;| ^5^ iiji; * 

oLj<p .oil AZ-ib Hm x ^ o _xf A-m^ Y j-* 1 y 

ojLz Ij c-^- |^a oj^j c^*- 1 o-U' LftJij |*a aTJA i^ (jL.; j c- ; ^ 

ij>-j ojy^ii L5ii>3 ii-w aT^i^ji ji o j$ cj> j^ ^jisJ- (ji j^> 

^ Ji -t jb jl y oXIj y^ jU1^ iS \ —a ^33 ji <\ —5"l^‘j^z5\J I ^A 5 *"ijb 

. Jj ^a £} I ^**1? La> j j b jl5^ 

(j-i I ^ J ^ yCjVAZnjJfc ^kS>-yap jr^ I Ji ^*>1 viL J jbJLS" ^ g-j>- 

i^w*l i1^4 cr J^l^> ^15"^Ij-^ Ji ^Lpf Ji U J t5 J > J ^ ^ cL«p 1j Ja Ip 

>■ ji I j <jT ^ j 

} 3 c^-f (^Iajj ttS^Ijb p.“l v .A^j |jt L 

AJ L Jjb^» L <j 1 iS «^-; dij J JjS^^4 yy* Ij oiU ^-LaU *a 

i1>* jl ^J^ aT ib ^a 1 jf>- ^Ij ^*-AL il^ jl lJJs^ jLa^-l 

Jij-' -> iii^f Uc^j5 y ^/T idXz^L-Aj>jb t dL;^l_,ljL idL-fL^lo 

.dL^UjU 

tiL-jTc^l^'U^ l^'Tji aT ftjS^ J& ji Ij ( J[^J\ UlI ji 

\jr*~j*? J^ ^—’ c£tgj1~L* 3 jLjlJ— a ji L&j'j^ ixJI l Jl>- j ^- ijlS'j^>- jl _r 

A_T J^li Alili A^y .0-^1 yb? J^L- (jl A^ Jj* ^rf j iSJj^ <J3 I 

j^* ^ (j -1 ^^* j(^ A *--jLp ji Ij l gjjjz £\JI ij^ jl (^Ig.jl^Lu* l^tij ( 

j*—* 1 i ^-* j J bi5" aT (^ bi U j 1 j-p A.J ^-u I jT ^ I j oi U 1 «pj ^5* ^,4 

■ Ca^I j-* viL*^ t—>Li Aj ^bil—^ Jjt^ *ti—** I u I |*J I jA 





XT? 


_ J 3 i l>*i t C-*Pl —i *X —* 1 J l—>• j 1 *-L/» JLojla/ Aj 4^j Ib 

ol*-^ A^y j .wU^ (jap 1 j l ^y l ^h.3 (j, l^y I jl* 3 3y L^jI y ^j y 

333 L—j ^i .c^jI $-L* <JUp| <3Uj* <_£jlw> ^l»-b {jr^^*** 

JUpI 0^'» j-5 I ^A^bb obJ <jl jp<jg* (jil i jj>-j b .0^1 ^asw? jl y*> <\*& 33 viL 
1 —> |*A 3^ to ! J 3^S ^ (S3 l-X* J.i (jl>-j>- OJj&} I 4^JJ ^P-jLs^ 6-Xi 

S3j4 ) <-^ ^3 y .u-^j I j.S’*j* jj /jJ c^>- oLjfc ja <ju^ 1 j)JL* 

^ jjt ( jj>y c-*j tt oiI j I *a<< I ^ l jj ij .c-^> I ^y ^«—* j>- 

iSj&>-jS ^JaE 33 5Jji^ Aj ^ -<J""0*P^a*i C£jI*Aa* wU b (j 1 OP j*j» 

V l >■ <j> 1 j\ Ij j Xa^a tu -*^>- j>- J J ^3S i j c^j! Sa jjb-iJ 1 I Jj I . c*w*j I 

a-V** (JL>pI o*°§p" *—*3_9—-T <w-J L_p 

.C^l 3 b^ O I Ij A«-j tLa ^i>-b j1 Ju* {Jj yT jl^y l>* 4>a^j c^l 

j j 33 j^j jl tiLzS 'Ulo ^1 a_j o : w ^ j^-^. 

j c-^lfj j 3 j jj^lS "j j£j i ((^1^)) c£l*3^ 

^Ln5" UUi yl o<wJ i^ J>Ij ^‘>6^ jliy 1 

OlJ-u* j c^jl j—« ts l^yjI j>* jl —y 1 i bj^ fU j ji 

^UiJ lcu>«J ^ J? ^1 y* y m a 5"^1 y J 2 J I JjJ i 13 **^ 

O^ eL)l^j| 

i£j\J^ j>- 3 I I \Lm ^#1 ejtj^ JU* 

li—*» l J* Q**b JJI jb tAS"pJ I tiL .X^S^.l l 3 j>- 3>U^ 1 j j5\j> JJxj 

^jA»^ icvjj»^iL^ 33 ! c*pIj jlS" Aj viij 3 ^ I $1 C~***+J*3 (^3 

^ 33 — 1 3 d—k^^y b\ts jJ 1 j\>- { jM+\e\j*ji ol jLp J 3 o^U ^1 

LS^ * vfjj j—^ Aj {JLj-pI (jl A«*j >- J\Jy 

jjil .^y j$-^} u frJ\->- <jl^V ^1^1 Ji J ^ (j - a *->h 

jl .3 iS?J ^ jl^V 1 ^*i J-i B <jl«A^» 3\j m 3j\ i33*&\j bX5> <Z^>- pA 

c^>\ (j^^ 4 3 (3 a l5jI^' 4 iS^3jf>i I l $33 j y& Ub^ J\ J>±3 

jU>y>A Ij dil_A ^jjl JLil i B 33 (J^ 2 ^ \jfi3 —j£"l ,JJ5^ \j^ 1 3 VL—J iLojl 

prtHb *■"-»^l ^3***3 A N ^*b^V&\^Vi> Aj t* O^a** 1 iL j /? j.^ I ^ p*AL^|A bio 

33 J 6 j&i L$/l jl c5jL-j 3 i]L_>* e->L-g5^j—^L :p 3 <,^S<3 3 3 ^X 3 I 3 

l__Jb 3yj* 33 A mJ} C-o-^l I 3 1 y_ I I J 1 3 ^y> ^?l 

.iXulS" \xJ>- ! y. (JuyflS y~ I N ^ a) Luaja 4 j .ib (jLij (jl_jJo 45^(tP I • \ 

((3) l-J^pAj Cj> y Lwja (^1 y uT"-^ j^ b <_/!■-->■ C^l-oj t_JU9 tjb .t* 

.2>jl ^9 ^Mij-bboa (jl tX^ jr> 3^^ 0^->- J>Ji 4 j ^AP (j^>" L-^b 6 ^L-** 



rrv cUM a J at jji i£U&j j*i 


.ju IdLuS LI jL i\j* jl ^J[aaj y^i ^ 33 ^* jISaj 

_ iS j* 3 dido [a3j 9 ^X)‘ I J dLlS* Ujj9 a)4 o JJ U~9 L Al^o jl^>- 

a^j is*jji I I wC^—jb (S jfi {£*** 1 cS bdjIns '1 jb db^S* UljL dl***S"L 

j jL>Aj La* (jjbjjhdS'j jn (Jioj ^ J,aJ ) ( j*^p 

d~£>- 

a_S" I ^ jy. tj**» <^123 3* jj Ins'll jb pTl jt^A dbiiSVa}^ ^1 ji 
c£bjjJ ,<j^1 o1 sj >-jj dS3J ^J3>- ^ 3J&S 1 jj\l3Sy\ js a*a jl 

d*^ I j*.J l i j al d« aS~ (S 1 **»■ U l &j3 Ins' I aS" ac^ L 1 

fljlJLt'l j ^> 3 ^ Aj ^=*-1 jt (jil .«Aj ^ ^SjJLS^jIj <_£j|j^l>A> 

j J db 3 1 ^aL*®- 4 i Lj l J <J iSn 1 Aj C-**^ I ^^-a- 4 LS^^ 3 ^ w *'° ^ 3** a5j L * J 3 

a— rb&jjb ^x> al . J*n L jd*nL j juj>- t o^ 

ojj>* dl jl Lao j>- jjtns'c^p- j xj\ s j> joins'dl ^1 jb dl j» 

j Aj 3 d***! bj jlnS^ odd dH>- ^IS" 1 (ji‘^ L .Ov-“l OjUz« Aj 

l^#l jjLi5*AS"Sjld)‘l LI .c-~» l>- jjlnS"^-^ tSljb ^iS" 

d^«^i A—j L- La>> o I kA^<a <J Lo~p I j-~j 1 ji d>-^ I fidi tj Lp 1 (j I l 

^>“jL- ^l>-b oLn j ^ 3j* tAj (^bd j_3>-<l)>A-i dl>-^S^ 

fil_3>cb ^^LLS"d-^s^j o j}3 Ai*ib j m t (jlJ.A*4 {^^3 ^Lj j jLw 

( j^o 1—> aJj'LJlj jin dL j 3 j3>^l j I 4^ L JL cSbojjp- 

A—S" c-^> L- ^j —j I .^> j3> ^ -Lj?- ^ S w<^jS" L) 6^ (j Ldd Lw J>-1 ^ od> L 

c—*-*1 <j I ^ii j^lilSj! jl Jlw ^—LjLx^ joins' 

d^*»1 ^ki^ylikkiJfc Aj tijb ^5 Luaj (J 1 Ai b* Aj cJ l>- 4Sdo I 

O j> J>~ d^5*tJ jl ojl —j Ji cSLj fcjlJ.4 Aj<! Ua- 4 JL*j A>:Ltf> d_>- A-S^ 

d-5»*j (ji 1 jf L J -Uin Jjj 1^ jL5^j a^.a ilSLuS* Lj^9 ^Lj>-I 3 yb« ^ bj^JL» 

j i 3 fjV azSC; dL ^jj I ^L ^ j 4p-S"^ (S3jkt x>- ^I^ 4 aj ij ij>. 


C5^‘ 


,LLx« 


*j jj-JJ j L5C A«feA 








i_j>- jl aSo I 


(Sj*£> in l^U * *X*J j*J3 Ls Ui>» j 1 n« (J Lp | jJ I Ji bJ jL aT ^ I Aj 

jl j^aLaj .cJ LS*" j JSO 3 C ^A 1 jl dj jLp Jo* I dLl^r [a J J 6 U Ojl J*- AJi A?" 

I jl cSjL ! tI tX"IdLuS' \*jj$ yJ jSodSvj L oljls ^1 (_$bjU I 
^Lp jl ^ A^JJ) J 3 lSjI- b« L c^iLS"^ J5w‘ J 

A^-_y <_J i>- . Jb'ldLllS^Lj^.3 ^ i i.U^ l_jL^S* 

jlJ I jl 4JU* 1 dLllS*L j^ 3 j>- d lJ u S T Ujji jr-p oljla (^bjLJ I jl ^*^ju aS^c-^I 


1. gadolinium 


2. dysprosium 



^uujjsoi tr* 

*(£33 —j*S**A — 3 j*5w» _ lZJj^»wO 

<—o^Lj jjbx- 4 ^I^jI c£Iaj tVft 3 ^ \ ^1^-* 3$ 

jjbiS"..i 3**^ c^>J j (_>jt^» oj j.*^» 4 j I <_£L^J 3 b^-S" jJv-i 

(jlJL/» j*j i —j 0>J tjl^oo 4_i Jalw viJLuS" Lj^3 ^!j I ii^ 3 vI^jI Ja*£> jj^a) 

3$ ( i-V* 4 * i am jL.tJ^ r yS**A A^lS* I I 3 ^ dt-S'i, 3* I ^j> I “Aj 3^ ^jj * 4 3 l **' 4 

. ^ J1 Aj ( *-"“'•^ I ^ cJ b- 

<- 10 j^> o I c£l—AJ jbtS" O^ cJaOJ ^—& JaJ ^ J A 3$ 

Jj IS* 3$ jjj I jt L . Xs^j t^jl^ lAjjbiS^j 3 o jS^a o^>j ic-jb>=* 3 (Sj\ y> 

^1 ja jt j 1 o_L£< 4—>- jl>uj I^*.5 %p ^>-jl>- olJ^ 

l 3 *^ I 4$^ AmawA ^ Lflvu^ L* ^^9 ^ I n V 1 ! ^*5 ^^•LiAaS' L *3 

4—j UL«J^ ^1 jA I 4^i I ..-UjI^oIa p.x/ jl JL*S 4*7JJ>- (jt4 j ^g*^i t ^5^il«J i<A a 
(^ lg./ 1 -Lyi 4^^150* 4.S^^ j3*^a <b*£-li Ji*1**& {_£CU-*jIa* (^Ijb ciLl^S" Ujj9 ^l_^4 li 
^[^{f j3 AS^^J IaJj,J | Jt CwaAJ.5 jAl* cJmMj d*X*i JL^I l.£j I 4j jljX* 

l^j* I > _^>-) j>,*S <s t~i j>- * j ^ ^ 1 1511 (j; l^:‘ L j>- tU^S"" 3 [S' V L 

3^~& 1 L .3.1 3 jj [a 3 j.a~J \ Jt 4Z~A Ji jl^S' ! oUJj d^t—J ^ ^S" j3 

3^ {^-i3 (I\Jiyj^ Fe x O f ) (Fg^-O^) jr^t 

.jj*il^ jl 4^0 jl y It- (Ni Fe x O f ) 

<^LliS" L»J ^3 oljj JI 1 jl Jj ^J^V«id N^^vS\jA)\a ^ 3 *** 

^ I ^jI ji J>- t^J 3 ^ Uo j 3>- 4>- / .<ii : IlS" Uj ^9 J^P 0 }[a jl^ U J^-Iij.5 
oljj 4 j oU jl I J y>- ^ 3 .ijli 

CJ 3>-£> Ss*^ (J? l^.A IS^LO J2 45^ 1 ^.**1*1^ 1*^4 jl 3J (jit jl ^-4^.>» J lj» . 3XS>~ j ^j!j 

'*33^ 

iji3 C^l3 J <£ji* bJ 

JO jl^s c5 4 j L jJ lift* ^lj./4 Sjlj 3$ } J _^>- C-5>eJ 4$S-J I (£\ j) 

4 j ^u*JaLx^ {£> lg^;ta3 4/ j^>- p— oImJ 45^1 .S jV^fol j>- ^jjl Aj ^ys L^s^>-\ 4>ii^» 

li 3 1 ~ CHr-9 3^ 14^*c>w«iJ . »A**S^ ^4 (_J***^ >h ^lr3 L-X/3 (jj^^a i^a (jl^JLp 

\iS j>-j\3± jIj jar ^ 1 J VXfl = / o^t oyt.9 JSCi 4 f 

J— ftlj.^ l4X-^fij 3 ^ 3 ij£3 \ {J^"J^T 3 C^jl -^ 4 l£ j^lSsl I) 3jA* c^l&jL 

.AA Ji^t j* ^ M (S3^ li j^Al jb^ 4 j ojb IJ 5 iU 1 (j Lft aT OIjL^ j , 3 jj 

..S dU^li l Ji^La vj^by^ Juia (^IajL \ZJ$ j>- jf L>* jLj=>- 

^Ujji —! M (S3 b* lij-A I jbji L-jtJ ^*i li lj i ^ C-^>ei 



m £ UiJ ! 3 jp- ^ Sa J at ja ^ l&J 


d 3 **> ^ J* 3 j5 /jk j^“ ^ |>i J13 L>- 4j . ^ ^ J ^-i ^-Jtf> bia 

U ^„la3 J3 jjbtST 3 L>=jI c^l—J Jsl>v* IJ ^5 c£jb_/~-> ^LvJ lyLo 


m~I dS 


Ay ^1jj U j * 3 ^>- ^ ^p-\j j3 ji fi ^Ijuj jZ I 

C-^O 4 _> L 4 / I (ijbj-J £ ^*>*» -31 JS^^-JfltUi^ ^Isi J3 JjblS' pj ^-5b ^la/ J3 IJ 

1t/® 

TI&V 

mjr= J] m t 
J-\ 


Ij Jb- .*A-ib tJUjlal-a jl j5sO b CJ-^1 JjSvaa Ia fft. j! <ib jA 

t f^L5' 4 ^\3 ^AaS 3* )3\iiLS 



(0 


jl* j —j jka 1 ^*ji // J>-1 ^ L c^*u> Ij ^ ^ j l«u b I jby Jo-1 j 4^ 3 o Jjs> Liv<s 

.XiLi 

j)U—*a JU.pf 4_>^li' J3 Ij ^*tJall:L« L$^*Ja9j^ jJ.J» ^—>1 (J l>- 

J3 jl jl 4jTiAI^j c5 jr ^ ilUlal J3 !j ^yiOJ J^l . jSs> J&j J3 ^>-J !o 

JJl‘i:5f Jo I »3jS ^^&\ J>- iCwI o-XJ’ 0313 jblj Jl$bi 

j! *^l—i J—^ .JjjU'^* 0 j) i jJ t5l4ij1j dL Jt~“ A j* 2 ^ b 4—j.^»3^a <jLlj' 1 J ffl 
U*Jji bf ^3J?J3 dS J J>- 4$^ / (jb^ jl 0-^1 oJ-X» LajjUiS* 

w dS *dL jT ji 4^^jl3 ^ j3 Ij 4 dS *dL k 4 cos 9 dL <^>-jT 

0l^>*J3 ^l5^C-*n^ jl 4 1 aJJIlIS"04>- j+‘*J j, 5 ,3jb 3^>-J ^laSji 

jy~* J-^ Jji^2>^ jl 4—(_5-LL» j Ij ^>- ijl -L^ l_j C-^^- j*A C-5 l>- 4 j 

7^4 jIoa* 4> (tJ$bi j3 3j^<^>- jL 4 j j>- a L ^>-j3 ^?l) 

ji W b^ ^il jdl uC bi9J3 « dS ♦ ji fcil{ J& <jl jl 4 j 
dl h ~nl dS *dL = M*dL (r) 

4a-*«j ^*u*< J>- b J3 j 


(r) 


I b = §M-dL 



^WUjjaOf ffo 



c£L.*^JaSj>* ut *1*2*1 j* a-ST’az-, dU jl dL c.*—3 j£* 

C^*l £*£-Lj 0*^* C^:> ^ ^jJ ,0o 14^3^Tjl^5 i ^-j\>- (jliA*.* ob li pP* Lj i j^j 

fll dS * dL j1*^A 4.J <x£' l5 * J5-^ 4^—^ J^Z^ZA ^tiiMi jl <i!f (_£i\^Jia (j t> ^i>* A5^ 

• *1 b <_ril 


olsjl i J pj5^C^J>- l£IaZw J^l 4^C^»l (j>J tjjv^ 5Ja> I j 

I jl yi* cl> j>- pj A>-1L c-*^.>- ^*a ^Ja3j* (_5 La jjli-iS"L 

j^«u« j* j j.s£2pxa 

>* j-J 1J (^) aL^J I J .Jj | C**0 A* oJ 4-—J <~->43*2** <j ^ 

‘(^ts" ^ J =" ^ w 5 ^ 

§ M-dL — jJi‘dS 

|>) jt ^ J 15*" Aj Cj j;**'' 1 Jl^SO* I C^l^f U 'Wad J 

f s Vx.M-d$ = f/rdS 


*^< 2 ^* 4>t r i> o-^i e?*Ua ^5 *1 jA t^l ^ 1 j ^ 


VXM = A 


ui 1 ‘J^r 

ff) 


\j ^.2/ jUa t£jL> *1>^I ji JJU (^I^j l—* ^1 jj Uj 

&UL I j* H ol*^ ji j j I $j>- j* j* *ljl c^IajIj ^>- aS"" Jj’jI.3 

dibi>l 3/ j H j B tj** <£ IaI^Ij ox>j 1 w~*o *j t$1j; 4 >b^> ^1 jl JU* 

|»J5Jjl O-*/* Aj jLi *1jl <^U^3 j* Ij j> j aLjIj .j*^^ 

VXH = J t (aIjT ^Ui) 




m eL3 I i J a! i£\&jj^ 


1) ^)3T ‘okj*- (J '£>■ ^L« ^L; o*~j b ^ dkj^r J ^*ij l£>- J j* ^ 

. JLi b JUi2^ 

VXH = J + J b (iliT ^Ui) 

0*i y jl y 1^=,* B '~T*~ > 'J J J 

B _ . 

V x — — J + J h 
r 0 

(y) jl <oUUo| l; J 

B _ 

VX—- J + VXM 

K 


I J Af 3a i \jj J^aa <jb j>- ^ ISs^* £_/jvs 1 jL jl a5Cj I iS\ j\ <Jl>“ 

C -^y {£ j Ojjiv^ Aj lj iJ J 5 <Vj llaj I J J aJjjU^ O ^1? 4j <jl J* ^ 
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VXH-J 


B 

H = — - M 
M o 


B=ii o (H + M) 


(*) 

<jT ji as" 

(o 

L 

(V) 


ftJUj b <_£b^j I >JL* (J y+£ U Ali (jl Aj ^ ^ A^ij IJ I Aj 

Ij jia7 jl aJ^U* ^jjl -Aljib Alili i j>- J Js>Ux* aS^^j LSOa .o**’! 

iadi .pjS"^jVbl b 1J J I (jj^ 1 Ul ^jlJj >\a I AlJtiJb^,^ Ji A>J I 
j^I j c^I ^aIU a]^U^« c-^1 j o jl? ^V)\ (_£l_A>jb \z~£j>- 

JA )-? Jaljj 6^—Ji H A * ^ (y) l—i (f) iajljj ->:> 




UJJSBS ffX 


■* ^ O^jk 6^ J- <1—^iw->Jj7 J^_j11 ^ j,*** ia^>t>» 

rc -*^_^j l£_ y o L» c->j y^p 4 j ii^*7 


M = X m H 

(A) 


|«*i \j* ^ 

= /A„(^ + X m ^) 
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B-\lH 
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vl^AiVs j*J? aS'cSJ 4j 

M = Mo /** 

(\o) 


^ C*A*\s ’w j> 

Pr= ' + X* 

(") 


.jjb '~uJ Im*>- (^J jm3 A.) 5 _4>- 4.S^ t * ^ Ji 1 dJui J 

Ij (J*tj-* ®^ lua £ (^ xi *i^^ ;t ‘ - o L^Tl JU*i**j 1 j I li* j I 4 j 

^^ l£"Sj! Jj I 4 j jLi ^1 l5C>- a^S'JJ& j jjiji — & o <j I (_^!^_j 4iT Jj jSsi j\k* 
ji^;j1i OjjjJ I Ji .JUib lJ^J^ ^\S^J^ 

X» = fti“'=^ 

a\S;T j?“ ojo^ Wb/m r <*?> o*} j>\ * 
B = ii R p o If 
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o JO^ 

ff = ~——— t -v = V^A/m 

6 o X ¥7T X ^ O Y ' 
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B = ix c (H + M) 

u 

c ooA = Y<7X\°' Y (V^ + ^ 000 ) 

T cU‘\ ^ jl A‘ oJ ' 1 J 

'M <Sjf *“-J- ‘ bu ,c~»1 iljT jl-V 

B=HV‘* H 


o job = 6° X x \ ° Y XV^ 

|«/.>£-.! c^> 6 ° *>' ^ 15 '-*f ^ 1 Ji ^ 

c-s jp- j - 1 '*- 5 r*- J t ,, . . . UasTjuu csUA 

. t \ l cy > u jlt t ju. ^ 4iJJ ' - • , ; 

O-- T " , iJf A&\y>- ^JO J2*> 

i - i-.1 -i'l jLin j? cs4^A iJ> y JJ a ^ l 5 - , A u "'^ 
t r i ‘ AlJ ^ * J J ‘ J ‘ .. | Tr. ‘,| ; ., ij i»i^ i>\Si *■** jf ^ i 

iSjs-s >j*‘ ^ 15 L; u]y * :a / 

B x = f*« # * + H y + P** Hl 
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B=H„H, + V‘', h * + P" H > 
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^ o i w ^ R 4> ^if — f^ 0 \^ ^ ' 
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o WT *-r^A ^ ^- bl 44 . / .,' 4 

j^f^A >\y -» AJ 

' . , 1. 1 ^ • -r^ S 


^ J' ^ OJJL/ Aj ij'J C5^ ^ flJ °'- i 
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fff 


tiLiL U Lo i! L?» ^4 ^-oj j 1aJL« J,*>“ . c**^ I *— > j L» a — >■ I j J t j I Ji 
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M-* ^ ni ^ (^)->v m .\* (<^0 : -V r o^J.^Lf B= wrWb/m v 

Jb 4 >* Li J V o o o ^ fo L ^>* 

?J?& Amh At t fJVYo A-t '*^L^ 

i°^ cy.>' 

<j^ v _s *j!y^ ^Liyj^T L5 :^» «t£yt3» 31 ^ui" $ ^12« lsI^ 

tU j 4—j i£ 14lw^ 4jH“Ojoo^ J-J/ XU 3 vl*-* l LS^" H J B ^ 2 ^ J J 4— 

j> \ cm'' £^2sl* cSbb oT ^La^Li 4—Tcu^i ^ 3 j** <■ h-\ 

,c^l yja cm Jj-k j y cm x (iijb oT 4_=iLi ^ ^ cm J J* 

lj 5 (<J1) .ajb jly 4>-U lSjj a mA okj jji ^00 l (3 > 6c j ^*v 

Ja*«J 4 >- Li J 5 O J \ XI 3 III jJ 1 ^ I l£ I 4 Jv 3 Id J-S" i ('»—‘) - •AJS”’ 1 J-j J 4 >- Li 

0^0 4> L>*j 1 \j B ^ a^b ^ t * 0 mA ^ 7 y^ I uL^>- j oJU ^L>**! 

^>J3 ! 

0 J'f?? ‘ ojyo^ Wb/m r i\&\yr 


Sy* <W> I jr* ^ ^ 4j Y^ JO 














^^kULo af >o J Jp> &\&3 j J J J-*JLa (£-$j^t 

t!^ c5-? J? 4 —? j* ^ £>y ^ .5 tSi'Jafii jl—» I JLlf I yTLi iJst y£j| jlJL* j:> 

3^** L^>- J jr& I jli-U* C~>33* iJflj^*J jl Jju . j*_oyf^9 j?oi I j ^ULi* jL Ji 

_>l La j L o*^ J-? I i£ \y ^3^ 3 ^ jl ^ py ^ I y ^gSv> ^.v501 ^Ju**ui Uj _j ^5\j y^J I 

(jfi“ ^ ^^y^l Ol^* t£ljd (_£l4ajlj ly l ^ ly j j*5w J>t-* 4 j 0{ 

j! o^»l c-oly t^jyl .pjjjT c~*o ^ 

^ £ = yj i5.£rfv (\) 

.c^^l $-U> j_yy E 3 D y* cSl^lj j! ji 45" 

»^l^ ^^=j I a-U i l«> b*^ oi‘■y ^ L*» 1 4 j j!y^y I 3 3 1$""1 

<£Jj? 3 C-*^ J&J5 ij 4<jbj^- 4 j V j&U tdiLo £y* A 3* y ^ ^ JLo^ ^4/ 4 j 

Jd&* ^ b *iV J Ti-jL^ Ij J\ 3s 3jlj 

£/J -*b 3^J lSJ J\ i£jL«* \j f jV jIS"jIJa« j ^jjT oS^*- 4j jy» y! 

*AaIjP- bXw 3S 4—l£^!jU Oy U Oj>" }y o*Oil# 4>sy/ y y 1 ^3 LajIS" 

3 s owby jL*4«5" JJj -La! y>- aU 5 I tijjUJj o^tyr 3^ ^Sf oLIj 1 
i£3y \ 4^ (jr 4 ^ ^3 ^d*^ oLjj>- j i jj ol d^>- o^>“ 

.j^^ 03 Ij j^jI c^b ^ jlx* jab cJs j >■ y! ji ^lj 
O^Lj J.S jl Jjw Ij ^y?l*JU <jl-U^ Ji lS jy I y l5^>- j5sj^ OjLp Aj 



f AY yJjrf J £( ja iSUaj 


Ji ij t^*uU^ Jaj Ijj oj—^C-J^^ li <jl j* {£* <jbj L_j j*** A c5^4^ b ^“ l ' A 

•■^J^ ^ |>*A I jp- cj,* 0 \ \ 4“*vs3 <0 

l)1^ d\y^ *&"*~**> J Jyd-^ j\£*4—t 0f_ aT^ j s j (_£j 5^ Jl>- 

■^c£ bjk» ti ) LS ^y (^5*^’ l** -4 b»I 4 J 29 ->f k* ^£.-^" ^***1? l^» 

A ^-* > ^ ^J*ijf* (^ <£ bjljjU-i ^aJsjU*^ b jl AiU^*i| L 4 15 j i 

tS$J\ i£lj* l^IaLjIj jtS^4j (S\*» jtJL* <^jyl 4^ l>a>» (Jj I 4>aJ I 

j*— a_S^ ( jS^ 

^ <^> J^Jjlc**^ 4 j t£\j> AlT^1jS"(_£lgj SSjJU 4j 

^iaj IJ A_$bb jlti o^i l J 4*Jjl Uwl Ji Ij 4>t^j J sja *)[*$ 

i J2 6^+* 6j£>6 (£jy 1 ( J5 'j\Saa O jAlis d5\^JUj JJ <Lm23 

: jl Ll^l OjLp CJ^J }J 4j ( ^L:>' Jji? 4 j jj AS""oJLo L 

w H =— I B-Rdv 
Y J 

:ci*^b p^lj>- Ij Ja L* LgJ^roli^l B=^\lH 3' a*JL>- 



^3 l—L _j l> J j —-‘ I ^j —hl ^ j^— j'~^ 4^_S~ I U** Uj I 

^ J* ^i3j 7 J^b x /v 5"* H J/m r 

.^jlJj ^j>J>>- 

^^ ^ 31 (1)1 CU^I ^glas^ £jljf Jafij gtill/ ^1 4>- j5" 

45^ I 4j ^5^d^lil^dl J^j j jJ 4-*ul>c^ ^1 

- ^1cx4 ^ aU U-1 IJ I^J 1 4_r ( IJA V ) ^gW- 4i IJ ^ A»-Jj 

jbp^L*/.- ^Vji t jxJ>-j1 ^)<c—^ L ^L^1? l^Iaj‘ 1 g^j ^ Jlia jl jJLp 4^ 

CyJ j. ^ .c—*1 a^jIT 4t»U-l I j j T /A 6lij>- c^JJi « aJ'^L Aiib 


(V) 


1- Poynting 




I raA 

Uv ^ l5\>- j nl A*t/m a^*a J^-bOi A" 6 L ^ kJu ^ 

1 „/ f >-^—&£ ^ I ■ 1 ClA j b ^ V jjwl**> Li-* _)\ (_3 f ^t ^ ^ 

A_—^i-L*** l i ^J*5s*«> ^Oj 1|a*j 4j I ^!L<j j J I AamaA A ,—f *X*jS'^ jp jB • |-j-n^ b ^jA ^st 

t ^ LS* ci 1 ^ ^ $vj i c? 3 -*■* ^ -‘■'^ .J b L*j jSsJ w\5^j Ij L^j ! I 

L dL j{ 1 j* (*£-) dL aIm^ Is (_£ 3j*J cJ t Ij »I »A>" p-A J I l A***A ^jj*>sj 

c-JiU ^IjU oyli tJj^ j>-(J^jjj &£\sj jWUa <U*;jO:> ^b*;! 

i J j ^ J^f !>-*> cj-^v* 4 j lo^J>-b <_£4 j Ib^>" 

|i— i bib Aiuj& o^b <lSj>- <s\ji a f<_s j 1501 a 5~oLi*y j |>ijlSO 

l—j .O**^ 0-L£ ^-aU? 0 Ji» I J Aj ^1 jiA Slv?li oJ^i o ^aPO (_SJj_^ '■“■'*J J*A> Aj 

L ci*a>l ijj l£j_ y" I iU^jl ^1 (Y 5 ) 

^ B x 

dW B — F dL —-—5 dL 

T fi 0 

Alt* A ^Lib *S O 1 Ji Ab 


F = 


b s :s 


Wo 


Lj^aj 4-A-il —j ^s & <_£iV j—i -C^a ^l*oi1 _ j ^jlJ._O-Li j—S'I 

y. L-! Jji* jl,Ai -“ ‘ B st — ^ ->Y i Wb/m' f 
i r = VJA° X \o 6 5 N 

,j j; j.ftij^ \ \v» ib^/in^ Ji 'i 

11 *A oJ.j**’ 

Jji 1 l—i 1 (l-j) ijlj jji _,■»•< jlJ^ t-.iiS jJ u ‘ _3j;> J ->- (l—jJ I ) 

1 ^.A 4iv£> U (ji-Li ALu-j Ij JAJ^ _^L d^:>- JJ5 J^.j 

^Schliessen — |>4 ^j ^ Y V ^ N 


(j 1 (£ l^ii I (A> 45" c*j ! J ^L> Li c$ I Ai I jZm> 1 j I cuu) 1 Co be- c*j 4 j rr > . a.o^-j 4j I I . \ 

j\$ J I ^ C^Ui5 JA 

.C—i ijr^i Aj LoJ \ 4j , Y 



CUJ ( 4 IJ ^uaLjU&C l£ l£> J J+) 


Jjlfc-^lSM j ^jULJ! ^V s ?. 1 °*^ 

0^S*"" I 4$^0^*j 1 bfcjl-U 4j ^Isj tj j»j^4 Oj Ij A**- jl l1>.| I? y j>~ I y UJ I i -j jJ? 

C^O OJ jv^Aj £ J^25 Ji IJ 0^ cSjJ^tT OJ As IJ j| b ^ 

jl jl Ajf^iStjbj>- Aj l£->Us dib> ulb ^Jw* b> p.A £t-L^ 0^ 

(£A U> ^^UJoSj Uj 1 ^J Ij J2*? J til* . pJ tJftj jks JjS' ^ j j^p- Lo C 

jl ^— a (S3J <J^jb o*^' Ij y^* ji .vi^f 61 ojIJa i_ *ij^ 3 

17 Js*43 w6jt <J£ij*> L^j 1 ^ Ju—j b i*0jta>-l4j c£^bfc ^L-j Uj pA ^ jj^ 

cr^ J 


c? 

tl 4- 


L^i>l 


c 4 ;! 


a^ L3i ^ J? ji*H Vi^ J <^l* -■> cV~'* 


Ull J^_:>- cjjjjjJ <j£ 1 j —j 06 lJasjAj (dual) j^ 1 * ->l JU~ 

u 6 Vc>-l ^la/ J lu» jLi SJ c^Ssj^sO! jl— j j^ia> Oj _>■ d^Lii^'l 

L~#^>- 4j J5^jL£< U> jy r c.*^* ^ 12) 1 i^j j*J> y\j{ b i c~+*o\ 6'— tj>~ i^j 

. 0-^1 oXi 1 l>tJS 61 aL*^J As 4.5 'C-**x\ 



uJy Ij 7V~*& jb ^>j:iJ $ J5"jU cijj^ j\T g-^ f pv J>-Uji I ^kyr 

y\ .^jb *A/j^j Ujj^ l^A b $ VVb a_! r _r y^y fo> j- 4 J 

6b b L-X^ jU 01 J^> <r t ^**6? La-« ia^>t/s JjJ Ji Ja^s 1J lJaj 

L^lls^ Al^li b>Jy ^1 yj* ® m ^jl ^ 

^1 ^ As Ij ^ J>- y>7.) UJ J-ib J^jU ijl J>A J2 ^ J^J y Uj I ^ Jj>- j>J? 


•pr^ AJ-A^a ^Jap- 

.0*^1 j^l ji j>3 tib JiU-A o-^! (H) ^(^*^1 i j>- <-*ij*& -A^-l J 

6 >- 1 3 Js y UJ1 jJ? \^a f S\ji <sij Jb As 1 j (\ ) lk : * Ij JU- 

ajiLaX-*«! b p-i y, y j\f Aj fo yr3^>“ 3 Cl ^U-ib j j^.a p./h J.jlS'iiJj J 

(V^LS' 4 oibjX*«l J.4 I As c 0 * A ( ^ \ ) Ak> 1 J OJ 4^^$^ jl*i 4la> 1J jl 


$: 


a II b 

177 a 


4x9 J ,f J l iJ ^ c?^ - cfl^jliT^iri ji Duality j^Ur .n 

o>^ 4^1^ ^T Hayt and Kemmerly 








. ^>jj! 4 1 ofjrf Aj / J_j h> c£ J b (J^a! ^ Sjp- t ~rij'^ > -J 


li / Z> 

i =lF 1 “T H 


u 6 

2^-Mn— H/m 

Ytt a ' 


(J »Is .As-t J ,J L 


.Jo'jlj -AT j+i' j’o ^Ui l; jli J o Ja>- ^Uj i TV — ^ JJA il-A*> cJ Is- jj{l JA 
JS\Jija aS*" iSj J*> 4j t/ t)L js-j tijji JV t£l fi a! L,< ji 

o-ol eili jUo (o-i \ ^ 

fi NI 

T-l ' O 


JS^jlti _A llU-J_jT$jl* ^-vAoi L; 4^ Ha J* iU | ) 

L c^^c’l (jjjLw-a 


/X 0 AT/^ 


jl j jLi Jl?j^j (]V J5^jl-ioih .c^‘I £-1^ c->* La-* ,5* 61 ji 4$^ 

i Jj I 0*0 4j lij I i j>- I,_ J j{ 6 I ^-^Ai 


K&S 


oi^-LUvi ij (j 1^^>- (S\ _ft<ui>* ^Uj j* 

^\ J* J 4—J J d/lbj 61 c£^JJi il-VAj iS' l5Ioj**>- g-AJ i$lji QiJ J £0*ajI 

Ji_; 15 ^Lsli tfi' tjl>- 1 Ij .l!^»! 

jSv^i OJjv* 4j j I j I Ij 0-^3 J JlJj L> 41i I i ij>-J o j*i>- ^jj ^*u (£ U>4XU- ^yj 

)Vi* <—>>■ L>J^ J—5so jLi *Uj*j C-Jj j^j! Ji .wtib 
OaujIj^* jl£ Jb*J.-J J5^jljoflo« jijjl C-^i 4 j il-Uj J 

O j£ 413^ jtj Ji 4^J>- 4 4 Aa\^- Oj4 j jU» 



r*\ c(J3 f $ ^ jj& j if ja >S UbjjJ 



j Lw jj 


‘***\s* U^ 0 ->Li il ^ 5 X ^9 JC* 

■ <Aj 1 ^y* C«o 4j tixx5"^y* 4js>b>-1 I j ^5^ a5"^j <J5^ 


(JV$)jr = $ N + $ t + 

N 


2*. 


' * + ^ + * ♦ * + 


jlS^^jl <^U- 4> V j*** >x£' ls * ls[>iA lj ^1 _/ ->j-3 aS" o^)l (5jlJ» (Jx j! ji aS' 

l js& 4-j jA* ^y y>H j! oiUl^l b J p**,^^y IaI^T I 4j y>J Aj 

.p-JW^y tS^ 2 ' ij^ij^ <^^\j b IJ J U-J 1^ J 

UJ I u-(^lj—J ^ibw <J(Jj yS jl jJ^y jJ <_£j j-J I a ITjfe/ jl 

.^JjT <^*0 A; 



(V) 


6l-k* i£jJ 1 J XT'^y jA ^j j\ A^C-**-l ^y b j>- JS'*jl JjU / o 1 Ji AS*" 

6$Jjl C**0 4j y aIsjIj jl aSOjI jl Aa/ ,C-*a>I 6b j>- (jl I jl ^yib* ^y-Jpli*ya 
( \ ) b aLj lj ^ I AS - *ib p^t6bj pj X J* eibc^l ^j !5i l iy>- t— •ij^ j5bi Ja; I jj 






i 

^ ljl~J f (J} Ul Ij J'V f] ' ^■ tV * J ^ CJ J jJ i l«X*j 1 . 1 ~ I (J,}lj*j 


L: 


f B‘H dv 
/ X 


(6) 


5 c£b- ^ V Xi4 <%> j&U- l j 


L = ^f H'iVXA) dv 


V • (A X H) = H * (V X J) - A • (V X H ) 


c£jb j! il=«>l 
(?) 


j^jUil JjjIjjUj .-Lj'L*j CjLjI 4j »j15 jj ia_j I—j jl U 


tSjl- 


i- f 


/ V‘(AxH)dv-\- A-(yxH)dv\ 


(V) 


4—la; Ij O' ’—PJ J jJjt J! ^ SO ! J JJO a^msI jl ajUoI t i 

p^b V X H=J 

L=-^j^ (A x B) • dS + J A-Jdv 

JpL**® 1J jj—{I Oj>>- C.-'jI ji <*2 fS3 <3j$ Jl^5 sIj I 

i£ 5-) J~J 3 A. 1 01 ^^lx****a /*i I 3 o—^ 1 ^ I , ^ Li> 4S** JLir 

oj 4 —j ofU UJ I i0>- tyjji b - L jk^p l£jU^ 

:oiy oi3 


-±L 


A-J dv 


(A) 


^Uj J} J J A J f jSO'l —; ij Ul l ^ J>- XUi IJ 

a Ji Ij.S\I> I jJ^b JO 0 b j>- li\>- Oj^ ^ <jb 1*29 JalL* 

I?U> ^1 £jV c£jb j) 1x4 j C—^ 1 jl 

jli 3 c-urftl J j \ij?r 4* bj->y> iai$ i£jhji jjij 



rrr cl# / J yJbVJU £tj*> tSLbJ^-J 


IJ^j .^—i *^kft3 jl-U* Atlj* f jl_j j>- ^ l5\>- JJ &$'\j 

M u» ^ Vila ^\ii\ wJ>y> tJtojZ *1 J\ <j J J ^*>• 
c^oaj f ./^ y>*j ( \ o) aLj Ij Jl / y I j* A iSJ^y. Jr*^ 


i4 = 



ju,J 

f7ri? 


rfw 


JljSi/l oj4 j _r^^u/L/l 4 _j lj JU) I i j>- \^iji ^jjljj ij j 

ji ts\b*x^>y^ \~M*i S;lf 

i= 7 '/ r _(/^ ~nR d ‘)" ,dv (') 

4>jJ A-S^X>jJ Aj i «Jy (ji^i <!)lJjIj c£yo^U* Jlyk/l 

jI j—T ^ OJ^ I Ji C i—!_:>-^_LLi L y 1 j>- LaAX-£ J Aj 1J i yp~ 

t5l<C***i Jl J& 1 oj4 j 1 j ( m £* :3 r J> ' Jl j5s^>'! j IdL l~j U Jdv 

Ji J - i l _).i 


L 




0 0 


JuA^y* jlij aS^Jj U>- y *J U- ^la-» Jl ^*9 (^°) -J (^) 

.C-u^f c£^t& ^^»vUa jjJLj 1 j | Ij Ua3 ji jb^>- j y £.* Ij y UJI ojv>- t -i js^ 5 

y I— ij>- plJjT <JU*0 A_j |j y Ul I ^ aJ j| <_J*j a5\Jj I (_£l jj 

a—# >-Ui>I > jiyjJ c^lC-ij <jjjl> dL J^b ji cu^lySv ^-iJ ji ^ ^ <_r^j^ 

.c^-t y / dL Jl_^ I j (A) aIoj I j ji / rfi; a^ ^j Jh 


L = Y§ A ' dL (") 

A^id jl>- .c-3 ^kj#j y^^ ii-xiai ji ij dL> jiy^ | ^->-y"<jijj 

^ A>wj' fljl jl5\J Ij ^yS 





L — 



•dS 


L 


\ 

7 



B-dS 


L- 


$ 

I 


L 


U 


(U) 


jLi ^ y* ^ jt <-fA£ 4 ; ^«AS ( \ t ) IJ jl jS" I 

jj^l lSI^j j^ j>- jr~* c£jL q jk* dL dL jl aS^c^-1 J5^jU jl ^^**1 $ 

.kXiS^c**^l L$j I 

ji.1) ^Utl J5"jU Jj—>■ jLSC jjj N <^ljb Cj jS' I JU- 

jy^ JI^SvIjI i^jjb Sjs^J L jAt 9^ I_aj I jl ^Jt^i JJ ^<‘lol LlJ l>- 

J—i j 4f ( \ Y ) aLj IJ j _LM_j iJ j^t^A J^A I J y>- JJJ ^V JyaLii Ow b ^ 

idiT^ ji 


L = 


TT 


(nr) 


jl jjs j\ dk J& j±^ jk>j jl aS^c-^ 1 c5^Li jl ojLp (|) jlJj J [>- 

IJ l5jj^ JV dl„i ^ l*J I sj>- <-*» jvi> . ^ j ^ o** I oj a_L* l 1 1 j 

kj _! J* jk &*£\J ?-iJJ I 0*0 4 j J^y ( ^ Y) 4k- Ij jl jl y^ 

J>j^ O-JI JJJ N ^Uj jl -ksm 4_S^aJ^r^j £_h*» jl 45^C-—*1 jL*A jl 4j 
c£l4l*ij t£al— A dL cil (^/^l ^J 5 "* k Ijj jl dL J..& jl ojlol 

t— -JC^l j~{ O; 1*4*^ <—^ 4j Aldj jl jlalljvS 

Lx* j f AT j U; I J! J- 4 j_^/ U «JLi IJ.A I J>L«* Idi I i^>- 

Lf>^-^<Jl^Sjj I jL L *A*S^Ia jf aJj^U Ij Ia 

jL>* ^—*1 jl <C^j 4j iJi»-!^ jj aS^jIj jldi> jl y ejL* 

c5jIa ^Ud< a^j j> {^j jl y { *~y> y j^l 4 j I j Jl^-il ^1 cj 



rw C 13 f ij>" J I Jwj l^mJa U*0 (^ l&J j^J 


t. ** +>" -J L*J ^j> I J 4ijli ij^J ^.*^>^1? LlAjQ jb> ^,J 4^i Ift ^jA ^Jl>- li Ji 

<L+£ L jl£ -X/j-j I ,X^ ^ 4jtf>l>*1 I j oLj>- ji <,5 Jbvb ji jJa/ ijj^» 

i^S *"y ls* ^ ^ '~~y ^ b <j l Jj L <& iyjg^siA* ^\sl^\ s>^cL 

aa L ^1^-b CJ* ^ I -5 J>- fc—*i j-J> OJJ t C~~'i Aj I j jrUJ \ i J>- c—J J*y> J 

<j> 1 J o—'l jut/A tt H/m cS^— a c-^l L ^>.\j&i t jL^>- jj' L$bb a^^Io^ i b 

.C^l Ji>rf25 ^>-T J^L*^ j I A>*,J/ 

<jL j>* £->3j> V L K'js) ji aS"Jo ^\j>- ^ ^ J*^ ji 

^ ls^ V j-**-« J -X> i—>^4 jUaAj ^Wi jb ,J> l miS A ^ JAJ c£iL_A j\>- jtJa^ ji 

l£ l—fcJ^L-i ji 1*1 ojJ* o/ ^__h>* ji ^>-jl—>- ^Jj Uij I i y>. <^ij y> i^3 4 rc-*« J 

ji ^Ixia^^L* Jj U £^+*I b I ij^- c_--j j L tT jp ^ 

.-xjL ^ ^ w jJ> 

-X>^*i *—*«*>- Y J \ jl-X* &VaiV l-A>ja 7L I j (JJ>n_j ^jd I 

^>*Ai^« l>- \Jua J l J 

Of) 



<_£lAii»j oLj>“ j^**^ aS^ c^jj I jL j*r aJ-iili>6jl jLi ^ol>l]La ^ ^ 

^ j. Aj plii I <*.*> jJ> fjt^j* Li y il Jju j JdS^ ^ I j 

tJJ>L cJ(i ij>-j Aj l^i‘ L^>- 3i <J-L ojb ^5 oLj>“ ^ 

c^La! I »—-j j-J> JJj J nai -—>.^ ^)| 1j JaLi>» jiJL^ ji JiS^ oJJ» a^>-i l5j^j*1 

^ jiaip L^ljb jb jA a 5^^'j Jv3 Ji OJjT c^i 4 j I i J>~ '-?'ij*0 

ji .c—^I (J~“^ p ^ ^ j U3 i i_£>■ i^j jsJ ji £-> L jrc^j y I cJULi L 

l £~»\ JjU* ( \ f) Alai IJ 4$" ib jU; <ji 4 Ji lal* (JjJ t 



(/^ = 0 L) /y3l a!m»U- jb ; ^ (/^ = o L ^ J ^ ji L tl)l Xa B ^ AS^ t^JjlaAi 





Jjj I j> t* lJu >*^j i ( \ ^) ^Lj IJ J O jJL? l^iJUI .CL* 


M sr =M^ 


(W) 


jbj-; I—; 4&J I cSl j; J l5»jl Jl* I (S j* i^~s-jt Jj» Jj Ui. e 12) I <_-J 

4j C*W ll i 0 L'^> I £ j*l ^ J l5\J I J M C-v»^P j*A £) 1 iS \ j{ fj 4 I 

.a>*s *=rj* cr* 

j9 ^ U1 I $y>~ 1—0 J*J>3 I'd* a 15) I l>a*J! liU 4j 

(i?^ ^\) ^\ 4 ^-o.) 1 Jotla j*a**J3 

.JJ-l 77 y -> W n -? V ~*T / 3 / N ^ ^ <jl*J33 3 tykyr*f 

a^~ : ^ a ' n s = jV/X pijb Y-A (f) <3i «Ul*I l 

(o< r <* x ) 
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J l>" . t- * Aa—O jiM^A (_j^JJ.?*“ I A^awJ tJ I ^SvaJ ! ^ <***^1 I 

■pi-^b^^ o _&L^ obj li f ol*-U*« Aj I j 

^-*aL>1jjU j* b j~*\ <j?j1-b u j'b c£UJsj3/ ^*1* )«Al} 

ipj^j ^U; jTU 

VXH = J (Y) 

jij! I .p^i oUj olO l—> <^1 —§j 1-U* 2Jy JJJ ij jl CJ li^p-LP J 

c pis& er^AH’ 5 

V‘VXff=°=V^ / 

^j! aVa!^>- ji^ pfc V * J u-^— J&+P -bw »*f jjjjJ Oj^- 

aLIj ^£0 

dp 


v* /= — 


d* 


(r) 


c^Jij-bn^ <iL ^ I .d-^l OiUs dp / d / — ° '^ s j'^ Aj Ja3s ^ y ) b <l)bb* 

p—JL> jU3 b cSl^J U (\) Akiij A^Cji jl JJ ^ CL^I 

d pj£^ AiU^I (y)^ I j Cj <J - ?4 2 !'' 4 aJL*>- U^S** m t j j 1 «^i ti 

v X H — J+G 

C^ib p^i4p ij; ^J lj ftjlj J* J? I 

o = V 4 /+V-6 


V*5 = 


dp 

d? 



uv jj^ru j ouj b jJcza ^1^5 


p** jlJ p (£U- aj Ij V • D J I 3 


_ d , _ s dD 

V. G = -(VD) = V-- r 


Oil 4 j (} t- y>“ oT 51 


uX-i JaI J»- I (£j\'^ et u_><t£ I jt lXj 


Vx// = / + 


b 4S"^j io^jj j C~*0 4j 4j I y I Jais .pjloi^Ssj oi>j| I j Jkjlj 

Xb I y y> ^-t-S bj *Jf L <daj I j I 4 Xil —j AlJjl Jj Uj ^5vwj aJa* |j 

* L&* 4 >*y O 1 J! 45 " 1 JJ J ^ j>J jy Isy* JLo Ua i | j j | U j 

\$jA \ <\5 W) ^ 1 J 3 i+t^{j? <-£-^ ^ 4j Ij 1 J 45 X X- 4j jifli l>»^o I 

^Utxj'I Ji_>- <b Lj iLy I ^3!>L>- oL A l ijlS^I .^yb^* 

.C-**wl 413 Sj 

-s 

4j J pOb O^-O J^ Ij lJU cS^^iftA jl jSsjJ ^_s^i i (J^>’ 

y*jf j?*t ^^ij=r (J d25 /d/<jT 

o->b U- ^ b) l 5^-I ->Ll lS>>* 4 j oy^ J c-**l 

j It; J^ L 1 j j I I—S' L_* .x* l —t ^ W ^ W. yj VSX I j 61 J jSS U 

T=*V 

VXH = J + J d 


I XA o b j»- ^3 lSC>« j 1 9bLi (J l>» 4 j b 4 S"C-^j I j b^>- lS\>- ^ jl ( y^y* ^ I 

ojb 

J = Eo 





e .£ 




j jh*9 jl l jai l>- jb &*• J* (I 4 # J j& I V j L C.-5'" j>- 

lib'1 j Lj>- 15^>- 

J = pU 

I *JJ la-Li oLt*/ J ^ (v) aIaj b j —a 4 LbjL J 15o>- c-T j>- 

l£>- <jl 4-£"c£$lfc<£b Ji .C-'t oXi JXf J,5 *X+A* dksT J l5^>- 

jjj 1 j> U; 5 J — o ojl-Sj ij>-J (_j«*»*■ 


V x if = 


d£> 


di 


( 6 ) 


Vx£ = 


:Jj5”*>-y (\) j (a) jjU? aj 
dB 


dt 


<0 


J X) jLi ^ ^>- <-Sbjb ji 3 H 3 E L^bjb^ ^ lw <s;L 

j S I 6^>- c—<J*b aj Li> I 4j <j?wL>- j! ilSipl JbL* J j f* 3 * ^ B 

->b ^ J$* <£3jJ '*33^ ^ jl A« tij I ji IJ oIjS ^ J JA <£[*3jz * 

3 E Ai Lij* 3 ^b aj 1 jl 3 ^jb B 3 E Aj ^$0j^JI 

Ja^ LsOl j p— j ji?^ jj I jl .cJj—s a>wj ol j) b H 3 D ^ 3 B 

jli^>- ^ j,^b» Aj J ^*-5" U 4__S"" ^5^ jj 10^3 JJ LflJ cJp Aj Jj Li 4 — S ' J * 

'•■Sji tsi l/ 1 ^ ^ *=!■ 

jl 3^-S ^a J*a>- A—j ^ia-^ <^b jl A_S^U- Aj l>* <jL^>- J£*"j1*bU 

cjl jS&l 

r _ __ r d D _ 

L J i' dS =L^r' ds 


(^ <u^l^ ^ dt xi 4 — j .) Adler ^ Chu < Fano * 1 

jJ jLj^a £ 4j I j E[ 3 X) Aj» ! J B aTJ> l ^1x5" \ ^ \ 9 ° oUjua 

Hallday ^ 4 _j D i E & —\ B Jl^ oai. 4> 

v^f'-Vf' 0 oUci +ej$ (^ j^o $*z>~\j,* b* 3 * <3^1 4*^^j Resnick 3 

.cJi Afiji ^ 



J>TL j CiUj b jJ*Ji 

<Sj£ Jl J&t\ Ij tlj j ji U jUJ l; j-JOa ^ j) ji y J Jb ' y o^O <* 

i S tjjj ( f ) 

f'$y.B).iS=f'J-dS+f'^-JS 

£.3JJ l C-'*<0 l y** I A^2d jl j 

(j> H *dL = 1+ I d = I-\- J -~-‘dS (?) 

L$l4lt>- r* ^ ° jl-U U- 4^ l>- jL j>~ ^ L5\>- c— aL* 

(J l.*P I ^u*jLjLa-« . p . 3% y>> (JJjl y {j* 3^>" 3 J 

4i**j^*** > fJj>- emf ^1 yy* ^ 3 y& ^ ^l<CA>~ Ji>-li 







til— i_ 4^c slm? 35 4—5"I j (^14 aL>- l YS1jLj <_£I az3ij> ^2>Lfb til> ^1 ° 
ji ^ Uj L 0^*^° t}^ 2 ^ J^-i iy ^-i ** IJ O-^?* c£jl3-° 

0 ^—iy l» I *\Jy F o cos cot <S3\~* emf A ^. 

,C—’1 jj I jj OjU- C>LfcA*» /wJ , J [>■ 4j U- 




(jjl Aj I j j I *_>I y u* & ‘Ols»Av3 (jj Ja»- o*-m 9 AiUtfil A» 

emf = cos to/ 

•i^jl O-^O Aj Ij 6jl\>- (jb J>- ol J>u* 4 ^ jl-O ^J‘ U*Aa« Aj Jai JI L 

I~ — ojCV 0 sin to/ 

eS 

- — 03—r V sin co/ 
a ° 


(J_ti>- IJ I tSjl^- 4 b y\& Js ' d\p- .X.- 6j !# *i y (t J $ j g oUS" j i ji A? 
|*~ST_^a< V jl ^Us J pj ji5 4 j lc JjJl« Aliw 


H-dL=I k 




0>- 


i^'T jl vJj I ^ jA ^ I ^ 1 1 J j ^ ^ j 

^5-Ja** _/> jl -1 ^ lj>- /, ot ^»- -JaX^ C-^1 (j) ^ H *dL J t(c^^l 

1 0 ^ O '■i y?" ^^ ' 3 iS ' ^ ^-1^0 I ■ *AaS^ ^ lZ--**- i b I O^ju 4, I ]•(, J JMiA 

fc j**. u-* AiwJ-) 4 j AS^^byb ^eia-* <—>Uo‘l JJL) ^tjal 

Aj,***J jumiA ^ *0*^1 I tjl— \,J~T cl) ^A d) (ji I C----^ I 

bj' — >■ cjI^ca^ 41^19 jl 4_ ^.*£' j j*sQj (j£ Jp IS*" cl-5^ l> bJj 4 j Ia,s lo 

-C-^ol —A b b y>- J C^J'l 0 >AJLj jM J J 4L*^J} A—j C>5^ L I . JuS^ 

pjjb 031^ J>-b bj^ J&* J5 IJ U- dj l^- Jl£ b Jl>- 


tV 

D — —° cos ^ 


rfS 

/rf= ~ Cd ^f v c, sin wr 




.C-A^b (^l 4 lij aK^ Ji I JUs ^CL^oj (jJjtJi^ b^A ^jjl 

jlj.1® lc 4 1—>* l>- o'—iy>- 4J^>- j! j^-al c5jfJ 4 Oo J *^ 

lS3 OwLy ^j I 4—j /f ^2>- JI^SsIj‘ 1 L^'y 


r\\ 

Lj yu £ jL* I jt (S^j* ^kfl IJ odd u_J iU^Ij I £tja^45"jJ»b b^p- 

J.O <d*3 U jl 4 r ^>. jia*>: J J iC^ 1 jL y>- O J 4j j ^ j>- ^ U.J 

4—S" Liw*1 ^fl>- 4j !>■ j>- j c-wj1 1-Aa <jt— jy> j)U- oL>si^? 

• d 'i -i* 1 1 4a«mJ J ) I {£ J 1*1*/* 

JZS" dj&-'$ jb c£j! Jl* djb»- 45"c*Jb 4j> j.7 Jj b Jiaj aLsu/ j\ 

-*1 JJ —i < *—^ ^ J* O ! O jlSvj I olJb^» oJJ J 

4 ^ 1*5 j! a_- 5" ^>* jia-^ fjj U- 4j l>- <j b j>- j I ^z$ j I Uj .0*^1 ^ j t^- ji _y 

. ju^I ^ ^->djt>- oUJ^ 

J CJ^I JUj— > jA dbj L-j j^ A (J^*- I < 1)1 J.^ 4_j ^*b>- 4 j U- jt _j jj>- 

djb j—J c^bgjjU ji 

cJadS" Uj 1 oij j! ^9 LM Ot> j>- ^1 \jS~ 4_jTold/ j>J tjij*'* d-^^3 

.C-^“1 <3 J5J 

1M° 

A5"(jb‘ jiJilj Ji (cJfti I) O--O 4j ji J jjl JA Ji 1J l>* 4 j U- <1) b ^>- 

_^ljj AIVI ^9 tiL ji li odd* 

£ = ojo v sin [°do\^vv(rx ^o A ^_ z )]^ v / m 

di_j^>- ^lS>- j o= ^ o v y/m < 1 >T ji as"<__^^U fc db j>-b ji (v) •^‘*1 

ji (^) .d—1 \ o v sin \ Y ct nt a x A/m x ^ jj—* jl^ t^ijli ^u* 

i jS— o jo ^ XXI ^ J£ = 1 OO £ o jl c5lj—f 4—S" 4>J)^> (_$j\ JA djl->- J>-b 

.d*^l \ o o sin Yoootj-/ V j^jjd=ojo& min 

\ j^ VY cos |>J° 1 UY(r X 1 o A / — z)] a x fiA/m^ '^J*r 
?->¥? cos \ Y 07 Tt d x nA/m x 
oj \ \ \\ cos Y ooo 7 rr A/m r 

jjca j>ru oV^Ux r. i ° 

OO 4j db J J JI*' i-L>* <^1 ,—J IJ J U oViU^a JI 4j ,5 Ji J L>- 4 j Ij 

diJjT 

d£ 

VX£=~- 


(0 







J 


(r) 


jL*5sj oti/Uj b j?+* (J^^ 1 ^ j^o2i ^Ia/s 

(r) 
(?) 

jU* (^>--1* L ^ g> jl— j ^J l£>- 45" o^1 <j i jl V j^?l 

jl53 I J Li 4—5"C—(j 1 4$"wL*i L Azy .CL*»J 1 ^5v> jX5\J I 

4laj Ij ^x> C(£^fjt9 <jjj^ (JJIaUaj j5v*» (1)Ol*^ - ^ i A i jl 

j>-3 iS aT ^Jj js i D J E ^ *-^ 0 ^ jL^‘ t( \) 

^5w 1 J l*S> S? 1 jj 1j> . «_\Jj l—i o 1 JJS {£ t J1 s C-» ■»■ I t ‘-loi Lj 41*1 I s 

OS I-* 5 J^lfc l*-"lL« ^ I J -5\J J> j| .lALtil-J 4JI**J (JjLfcAjjJL- OJ^av 7 C-*>~ M 1 

^jU- O t jl ^5" *X*Mj ^5vJ_ J^S\\ 1 jLi jf cU< (■ Lil/4 *Aj l; jli ^ uUj^A 

•^v 

^*-jlLIi xa u—lai l l ({j ^)) ^5" Ji5"^.a J.*j lj Ij c. ^ .S > - Jjil 6jLj^ 4iiU» 

03J J C-^l 40 *j {_£i4ii>- OJjst? 4 j 6j| U^a jLi ,JjjlJL) ^ss-jL^ 3j>-J 

OaUjL* i^Ij jl 

oV^ljLa Jaj IJJ ^ 1 . JA^iollxAjI (_£Ia4j ^la/ 4*lS" 4_j U 4J^l*» jl^>- I 

l^> I £j L« 4_J J 4j lj ^uJsUi^ J ^5 vj ^,lx] i ^LgjlJL* 4S" JlLa^m./ ,> 

E J D ijt! iaj IJJ .d>‘jU^ i>jj _,4 ^j) I5^>- j jb 

( 4 ) 


D~eE 



V‘D — p 



‘ H 3 B & J 









J>~TU j jUj b jJah 


c 1 o L j>- ^ LSs>- ^ aj jtJ j 


J = <jE 


(V) 


‘ p ls*^ <J s~ > -^ (4 1 lb‘i oi ;j =- J i§>- j 


J-pU 


(A) 


J_j-5"l. oVjU* jj A ~* ij ^ }—ij* J ; Jj 

^ _ _ • Xl f jV 

4 —T jS"‘ V • J* J* Oji lailjJ J} \j V j A cSlfLJb 

.nLJ JaIjs^ jJwaS yi) J3 t$Ljb .JZ-J ^jV oiUilOjS iJl/lJLi,* 

ts^® 9 tSl—^ilX* C~»! fjV C|^l< Al£l«U jl^"j y (l^j^-to il y L J-S I 

j* s ja y> b ^'Lj^T i 


D = E'E + P 


B = fi o (H + M) 


(') 


(\o) 


“ j> J tSlAlaij Aj aS^ 4 Jj I j <£5j‘} aLij Ij Jj L t 4 L 

jJ®* O 1 0«» ft l <—«l® Aj CuL-**'! Q<1*Z> AXi■Ao-I J 


/=P(£ + f/XS) 


O') 


**Aob d^b aJL„* -J.op Jb oV$b« ijj jLTA j aJU.< | J yzi 


1M° &.J* 

■> E = \ Y°7T cos (\ o ? Trt—^x)a ) V/m oi*A —y ja jS I 
5 =^4 cos( \ o ? •nt—$x)d i A/m 

J J—>1) (jL£* _j-> A*» J Ja*s*s lii A_j Jo j.sy Jl_> oVjLiwJj 

I j-U>- A j fi yj&* Jib* a = o j e R = n R ~ f L. 











r\t 

ojo'f \ ^ rad/m o A/m ; Wd,^ 

j>-TU oy^Uu J£i f.^0 

I *CS' ^ j' ^ W dld1 _^5^xVl Vj-*-*-* 

Ji .c^>1 y&Jsb t_*J I jA 4 j ^Jjl&Jui ^***0 4> l^> 1 j| 0*^3lj^ yj aS^ 

(^ j5w^j j^^- 4 ) jd cjL^Ij 

• c —' I ^jk ; cLl_ i l3jXa d■«-‘"‘■ ,4 1 <^Jj .Jij jLj ^ i *50*1 Jaj! jj 

ajIj! \ j d*3 JU oViI jm J1 ^ScjI d^ Jl>- 
4*vi5 JI o.i tiLv I j l£JJ X*'\ ° {j**^ (0 daj IJ jl iS d I j^Ci I b 

iJj 1 c^o <0 o_4J li ^ j*£ ji*>\ 



0) 


o-a o b _-*T cSjl>A—* o y 1* if.\o y^v (Y) *!» b iJ _>■* jj oU.f j*** j 



(Y) 


t—f jl y ^ j j ^ j^S I c^lj —j ^jL? jU 

4—j ^iljj jl fl jU:^l jf.jo (jl>v (f) j (f) ia->ljj jl <£j$ d( jSl/l 

ojjT 0-0 



(r) 

(*) 


45" JjjE;j#jZ)ji? l£jj lS j j- iaj c l^-i I ^I aWx* j l^ I b 

oV^bt.* d^^ ^ d J—^ U oV^Ua d^“ L y**s> flJU I C-*^ 4j cy lj L--Ut> (^! jj 









I >A+a o3 l>" 4j i,>w jA Jaj I j£t I . Jj I O i ^ 4 j 4<Aj l^jV ^g***-*-* (_J^ pUj< l 

l$J I dOjl 0^0 4 j (^Ijj Ij ot J 4 Jj j‘.l> \£j+Jo Of U U 

CSL>4fllj* 61 (^ ) j! Ij 4^A^ <^ijl? ia.^ Ji OjJ J^4j 

tC>U -L? _}* j* JSLJ^j 4j IJ jf' 1 


Et \ — ^fX 

(0 


‘(Y) aLIj jl j 

H t , = H t , 

(*) 

<X^A lj C-£^c£tfe4i)t£JJ <^3 iaj\j£> 

(_5 IgJ I^ScTl 

Cl 

II 

e 

A 

1 

*i 

<3 

(V) 


J 

^n\ “ -®»T 

(A) 


J>-b 4$Ll ^jS L <fj J$ 4j <iL p.fcl J e-Jp- 

1 —{ CJJj+0 1 Ji ^OJV=> 4„f 4-Li If .ijJ^cA J J Cj l^lo (J 

4^15^<_£lj.; 6 j j *li 3l o^Ux^l 

E = o 

6tO t j*x> (^Lgj jjJ'15 J5L J ! J 

H = o 

jl o-*»1 ojLp ,/ :j»l>t« j!blL> 45^jL/ j+ a 1 ijjj li t J5L (J l>- 

J " o 

Y 4->- U J> I ^ I Lj .-Lil—J ^JLj Ji J t j>- \JL)Jj+0 4j JjIj jtj.>- J 

<-La !^>- y_J O Jj^v2 4 j k_-*-7jj" Aj ^A) ^ (^) "LL-^ 4-Lit 


£a=° (') 

#A = * 0°) 

Aa = P, (") 

^ = ° 0*) 




^Uju jjQ\ X\? 


c Ip {j$\jj ij jU l^>- aS^JlJ<1j AZJ<b a>- j" 

^>silvJ (jl— IJ>- ^.}_ jiX^^ ^J>ojs3 (jlSv*! dL jl jlp Aj (j^asU L 

.C—*>l J.* l£"*cS J Ift 3J Aj JspJj^ 

Jj lw» aJS”" v Jj _^r U oVj1*>» jI ^J*jcA$ ^j->- ^5** iJ tii^5 <_£jJafl j-i 

1^ a^U ji ji JU C->V^ Ik* J>- j JJl^gjlAj^* J^Li LS * 3 tr^ > ' ij^-ji? 
oiU' <^jU J^bji oYil** J>- t J-*15" ^U ij ja jl .Jilj Itoj^ jl 1$j l_^>* (JUa>l j 
t —f ^ ^ <Jjj* I jl oUl^f ^ J jUJ Ij (.5^ IJ** 4*15^ C*^) 

. A»i L ^j j l***j c—I ^ \ Y ^ 

^U>! ,j^l j>>- jl csLai Ji J j-S 'U oV^Ua Js»- ,jw> jj 

.j j—S ’^*al j>- ^* 0 J^ aJ l**-* ^jt \ .jjj JlaI ^~Jp> I^ ^ I jl*<**'l 

b^jS g^A ^^3 ^— 1a/ j^>- ts.1^1 JU oVjU« 1 jij\ — S 'jjj J ©jL*» I 

,C-**“*^ ^ J V {£jjf 

k' S 0 

a v = o ^ ju,^ = r *- e J?s — r <* \ v^’ iJ^ j^3 c^jj (\ a — f t f) m* 

j —?! . jjb jl j— 3 0=0 i ii R ^=\jb t e Rr — ¥ ‘ Y a —p-L-j j 

i-b^ ij b x ^^(uo^ + fo^-AoflJ cos \ A/m x 

•jjb jUi*I y v^‘ 4-j ^ L>-1; jl i? u = — Y^ + ra y + 5 z J^ji * 

fi o (Yf A <5,+ YfJY — \f \J^ a z ) cos \ °*V/ Wb/m x 

Mo 

J^lTtSiU z > o aT J l*. JJ a^ = O J IL pa - Y < E R ^ = A piJla z < o ja 

:£= to 077 sin \ sin fiz a x V/m 2 < ° ji /> 

ji ( L y) IJ—•> I j jS (J S" U oV^U-* Ijijyj J«5Li jl ojUl-tji L_j ^L-jJ 

?o^ I jJjj>- zr o 

(\o/r)cos \o x 7Tta x A/mt-fn/r rad/m 

v3^*° 0 

A—# J.J) -J—Jt» 1 ( y^Jj > A—S^^IjVj Aj Vja** A^tjUj Ij jaxI> cSlgLjb 






\ 


(^ ^ ->^A.» ^ *j - ^ - * i,,> L-*'° ji I cJj y o y A (_5 IaJLmmij' tj 

^J**uJ Lj A_S^ 4L $>\i A—J «\j li . C»« o| ^*J jJb J 4_J lla £> J 4 J 

iijf'ob £-0.}' j! lj K (jJl^ol) iSloljjCi 

f pdv 

V = i^l^R (0 

C^I U jLO A—J A—r^‘by*- £-j j jj jl olj"^ i£j bjJ b J 

.i JJ 1 vC ~*0 Aj C —*«1 

JUL/^y 

(ft*-ok.*-) (r) 

l 3-W? tl?! ji p^ a5^ I j ^L**j I oVi Ijw 

w=-y (c/M (r) 

lj ^4 4 JiU* >*>*_& j 

V^-— JLt*/ 0b_,r?“) (^) 

l-->Lm>* 4j (Y) -^ ( \ ) ^M^b/1 Jaj|jj Aj (jl ^7^4 

jl ^—5*ib*» A_^j lj i-AC^L—i j4_ J ^13 j 


:ijjT c— 

>>i Aj jjj iai 1 jj 

E——W (uS't.) 

(A) 


J 

H — V x i4 ( 

(?) 


c^Lj&jli lSI^ a ^*^ a iJfijjxi t£jj^> lj jUj b jJCa (_$l^JL-,/bj JU- 
L jyA ^fcUaj (f-) Aiaj I j .Olib Al^ti <3y -Lj I Jj b Co b b^?“ J U 

( ii 5’ k *i C/ - ^ ^ -3 ^ * B — o vC->V,5 1*^ I Ojli ,jy5 (Jj^-»i l-a lCj Vi b*/» 

jt’Z* t5^’l^ l£\j. lj (f) aLIj U .CC->! y^s, Cs^SLa J £ \ J J y i 

Aj Ij ^ j>- A >-JJ 6i 




^ j*Jp j (y 5 ^ j 4c^** , l fjA^i (^) ^ c-^l ^J>lj 

(JZ\i]ajii 4»-l_y* \f X £ = o 1 ; £C-~nl ju& juiljS”djf *£jt 

tjl>* ,C—"I £«Jd U*a ^ X E i l>Oi £45"£^~* I ijl jj ^ U- t£iljU 0_y ^ 

tjv~^‘(^) *i i^J 5l»»- t)i jS^ajL^I t t U £-~03 jjjl j«^f L; 


£ = -VF + -/V 

Vx£ = ° + vx Jv 


£ JjS' J&J>\j 


V x N = 


d£ 

ar 


Jj-ijjA 4s*«l) £(?■) jl OjliUul $ 


VXAT= --(VXi) 


v x rv= — v x 


d^_ 

dr 


N = 


jl 0-"l £^>jLp 4liU.« ^>1 Ja- (jijJasL" 

d^4 


dr 


E-— VF 


d^ 

dr 


£>Jj!^ ■? 

(V) 


4JiU« Ji ji IgiT jib jl^5 Ij (y) J (f) Jaj Ijj C^ujI^ j^a U 



J^-TU J OUj U l*Xy& 


- dD 

V X H = J + ~— 

ot 

V • D = p 


I >iJ3 1 c—o aj 1 j yj SX>^ Jfl;! jj c jlS" ^ 1 l 


' _ _ / dV 

— vxvxa = j+s(-v~t 

fi \ ot 


£A\ 

btA 


3 

e (-V-VF-^- V-^) = p 

L 

, / dF d x J\ 

V(V'A)~V x A = fiJ-ixe(v ~ + -^-J (a) 

J 

W+~(V^)=—5- (,) 

L i ^ (^) j (a) Ji tyfclU 

Jil^b .u/y^ Ji^V" (V) -5 (r) M * (\) j(a) JV-A-o 

jl^ if 2jf <Joj yo iJJjia jl Jj \j jUj Ij jJCa (^l^JLw b j>- y? y 

J* t j-&* J> Jt> jl o->jT O 4 ; T jl (v) J (^) b I JJ &L-J 4, IJ B 3 E 

^ j>1 Jaa3 U aJjI y^y J/ J ^ j*>- 1 4b I j 

t c-b yu" 01 bv? jJ Ij bSi jl j> I J Alji iil> J c B “V X A 

jl .jj\J^> A z J A y oT ja a-T^L ob tSbaU (5jb^ jlJL* jy?y>y 

.iA>eJj (f) lb I j b-*i 

B=o 

3> 


dz 



B, = 


dy 


Uio J j2& I ^OO 


.p—ijl^ 1 # L r** 4 ^’^ A z 4&*\ Jl J 

‘pi*'**! J;' ^ A i J ^(jbj* 4j ajjl c~«o 4i jllj £iU»l ,jii 

i* Jit. j> 'ill. 


V • A — 


*A 

dx 


iS \jfiL* Oj 4-i JaS ^ ojL j js L» cj 1 1 ^ 4^»>-y j^L id^>-V^ 3 

I .a^T asI^I Oi aj wl*i» 6&* c-—>* a^^1aLj>- oI^( b 5* 4 -? c-^l c£lo^ 

»Ai L » ojii Ay»lil Ii I^j 1 aJ Lwj a^U 4—a-IS**c-j 1> aL>>- 

.j^ilj Aiil^ ^>*J ^y Aj ly (j^>- U^L jA*3 t5jLw« 

^y j j*&j5 (£j\$j j oly^ <^£ c-iSTjly ^ o^L* Jli» ^>1 L 

a.Lj>*>) aLL' tlL jj o \ j!aL» j oJ.£ oib u 1 (j-*^ I jjJ JjS"" aS^o^I 

a I ^yd.5 4 j \j A fj^ 1 JJjjO A-Jf pjil J l ^ I^j Lj ^^JL** ^Oj 

^UJI Ak> lj yo^U J (^) J (A) jk/ Ji U ij jlT^l J 

e-y y 
dF 

V».4=-jie — (\o) 

JiA 1 ./- j *i (^) * (a) J 

d x ^4 

V Y v4=-fx/ + fi£-^ <U) 

J 

r P dV 

W=- T +|ie-^ <") 

ioi JiaI ^>- jl J \L*>o UjaJm Jva3 Ji a 5" l Jaj \jj ^>| 

A J V cJajjU? 31 *Ai lw U J JJj jUu (^USa>*^U ^Jj U Jjk A— > l^» I ,JJ jli ifllJjl 

tm ^>h %l f$j>- 



jpo \ J OUj b jJ&a Lgi luUo 


5 

-VXA 

(0 


dV 

('») 

V*^4 

= -^ dt 


dA 

(V) 

£ 

= w dt 


(f) jl ot*j t-f iS t5ly(v)j(\)<jJ LcbU* 

O-aU j ^ 1 ^ ^—*aI y>- <L_? | j! \j b; iah Ul (\o)-$(Y)-* 

kZ+s*-\ j£j ^1a*w* y«1 4 jJ lia« y**? JUj (J^ .XJ jt-Jfcf^J lU IJ l^» l 

1—j ^ I u—A_S*"J j i p ,,i “kI^*0 ^ViSfcSiV ^^^>j4 

J^Im ^j*> 


V “ 


Vp«r 

l£ U<23 ijy« cjA j>- 5 jA^jf e j jut Ij A-S”^**/ Uii* y& j:> 

Y X \° A m/s ^j—" < Jj-i c-P^ t$jU* c*p^ yj a_ 5"^Al^!>U aljT 

jL l^>* jljji> Jl ^-Al* AlaS/yfc JuwUj A^ < y-^“ O*** 1 U>. I ji bj .c^*»l 

^ 5 vLj AX^xT ^y* L*j X < 1)1 jl A_j aSvL C^j Ala>J < 1 )Ua JJ 5 aLa* 

( \) yjy ^ C-*Pl j J I yj U^>- 


Or) 


Jj P a1»j 0 Ji U £ LIS’" AS* (i—"l (jl (Js _^* [p] jl J3 aS^Jji I Ji 

tr~- (j*' ^*j •* 

, R 

t=t -u 

SUj l{ US Ji jb J&>- /l 4^-J y ^yJU Xl^Xi L yi> j£ 

p = e -7 cos cor 

ci~il.i ^aI j>- JLib o 





f of 


[p]=e 'cos 



l)1 \Z c^*l j j]ai $Jj* jL I _yio ^ AJl^li R O I Ji AS*" 

«i Oj L 

Oj ! c-*-o Aj jj j aJ^Ij jl ^*-j llj 


0 *) 


01 jb J ^ j l^l^w* Li 4> aTC-»^*>I aOO> C^P Ij <jjbJ J1 di bl**> 1 

tiL Sib; aJL.» i£\ji Ij ( Jlflj ij ^>-1 Ju-29 Ji .iaili (j(^LgJCuj'bj 
.ij —s j\Z C-*^l jbj jl {j*i ^ O I / jL ^>- 45*" jL jAl- 3 

.Jj 1 e JJ) 4JI3yf Ja/ ji ^*23 [ji I j>-1 J* ji ( \ f ) aIsj IJ yL i Si L» J U*X*« 1 ijlj* 
j) l ASYyy^Vb*- oly^j- 4 -Jy ^jJb ! j Lg-L*-j C <JL»-*i^l ij !ja 

j (^ v) ’k* Oj jl 0 ^4 ^ K c^y* «ls" Oo jl 401 y^* b^i j p £-* jy 

^ y L o I _%* lo Laz»_^ y^J I t^j! uV*/« uzf* 0 ^) 

y jly> L 40^1 Lj ^y jw ly UjL £-jj jj S\ .ijjl c_-*o 4 j (y) j 
jiy Lj L*> Lb (. I4LJ ^ jji I jl oili^l oj ijt I ji o^j j15%j ly I 

.LL*—*# t>y oi b* olj <j y**Z La O Vi U>a |«Xw) 
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j > ^ y^i JjU j y Jj Jl>- . y I jcj I o 0j L c^*>» i l>- iJ 
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f of J>XU oViiU,c J b 
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.d-*** , l o<A-i> \ f 4 ^ I ^Camw 


jiL»o 


I jb L$i/1 j* (f. \ o) jSo <s^b oUa/ jIJl* \ 

^j5 J Xil—j Jj ^45 I 3 i? V A S2 , 

^ 1j / j K u B 2 = o jr cos A° © mt Wb/m Y 

y Lctljf I((Jail \ o ) J5 o 4> 

5 = cos (f' X \ ot — y 7T3?) <J r juWb/m v 

• aA*iS^ I I j ^ i R — ^ J ^ ^ 3 

foo cm/s ^k 4 c>p j# i> (<—> v* ^ °) Jl_f 
(<jJ I) .R = & 12 y> .c—i c-5"^ Jl>- R — o a 2 Wb/m v 

^ ^ & jt (v) ^ /fc I a. (v) l-^i b K rf j V sx 



L ^b \Xxs>JjiS3 1 o ^p 


I Juj I JI a 1*^ tji I ^ d & j>" l j—* •) 15""A^~ »X*Jh$ (j Lm *4 ^dJ^ ^ 1 ^ ^ J 

.d**^i 7£ ^ a ‘^ 1 <J*JjJ*l jlJU Aj 

*-V j i? = Y#(°->6 — %)a z Wb/m r (•— iJ* (u y.\o) j£* j* -V 

d->- JtjJp iS^\ jl /= O J> aLi A_5" J> C—1 ^ m/s 0*j*l 

oL*j 0 J/^ J •AiS"* izSj>* Aj ^ j!jl- 

j ^ 4—; -U'ti jLj fo i^rr^o J 3 ?= o ^ (^ f m ^ o ) J5C-5 j! aL« _£ 
d->* <Js jS» <s L$i> I J* a-L* t — o js x£"^j—a .c—1 jL *ji JL_>- ^ jL**> 

J R = o JY f2 a *S tjj Ji -VjJjT d~*0 A-J (jUj —s* I j J fi J JLtt_j 

•5,= \JT Wb/m r 



M 


a, (o) ^ jd A*J> f ^.a Y 3 \ <_Jj L-J» 4j (t—fl) I ) ^P« ^ O 

d .*T „,» (J ! 0<-Vj 1 ) ^ Uj 1 Lee. J aJuT A*>1^a ^ 





o ^ J U o'V i tsu j l> La J yjta c 5 ^ t 


41>- L> Y ^ c—^JU>» l—^ ^ Y ° Cm 4; *-? j* 41 —j jl-k -f 

La — y J J jp~ OjUl* J jb> 4j j y “ o 4 >^jLu 3 J3 /zz o jl Ju* c—**l 
*A*5* ^ j-i . d-*>^ I (\OyOj ^ o ) SJai/ cJ 1 iS l—A4*i jl ^-S^i 3 ijb jl j-i 

^ 'j d s J okyr B = o jf ^ Wb/m v c->-I^X Ol-V 

4—s4? ^iJJl Oi 4j J2^"^ lj La x c—*> j j I-U aS^^IaUaj 

.j-ib ol JU co — 9 °77 rad/s ^ 0<p j^2 jJ^>- jI*l* 

J$ JJi Y f ° ° 3 C-^f ^ & cm ji (&* \ o) J>U 4 :*a^ “V 

oijj^ Jb- ji (o jy Wb/m x ) Y ° o o G(gauss) j^i oi-V **£* 

4—bit 4 —j ^^>-j\—>~ (Jl— sj2j I j —SH ( l —»*•*—^ lj (cJflJl) .C-***’! 

s^V^tSuo O <d-*J ^,->1 .C-*-l $j3i <Ojj I /* = \ ocm 

fV_" j*»^A<^& Lj 

J—{ I J t (*—-> ¥ p \ o ) —5v*i JZt -L l l*A (J | OJU 4 r J $ «A 

= ojya(\ 4- sin f ® /) m ^ J-*** 3 B.~ Y cos ^ QC >t Wb/m x 

.JjS' 1 Juj olo jl ^,1; UF U 

L o!j*J *L* ^5\ o) jla,« <_^llj / fe (/) 

(>—4^ j a^>Uj dXA o jy A (\ — cos (At) m 

.B—ojf cos at d 3 Wb/m T 3 R = qj\ J 2 



. 2>^*> Aa>- | ^yb V *1 L-l«j» 4j ^ 0 



ajL_jJi Ij sJ-’Lp^Ua! ^j{ JXL+j (_£iI j 1 ? l>j,/Is <j>l4ia4/ jl aiLc** 1 ! Ij - \ o 

(v) l -UL B=o <■ t— o jzjE — xy x e~ l d 2 <J->B (<J I) 
•-’■iJjT a> oj.-L E x — o j B — xy"e~ i d x &->■* E 

aIsj I J t-*J ^^aJs?L** J Li l£:>- (_£l 4j 1 ^J*i | O Lv*S*>i:^ o l5^i J j>*A 

S—^«-Li b ~{\ jr) cos 6° °° / Wb/m r 
->. j^ JLxS^ I*Xj i j y cm f^^*** 3 j jj*“L* <—L.j «a3 

.wLiL iliji Jb>- Ji & o o m/s b Jjb 4 j ji 

4_r^-l aJL*i aib oLi<’ <Si \jLs q ji IS j! L_i J^aa Jjl ji Y 

4 -»* ,g = j B o e ht d z ol*A—-«* ji £ = — Vv ^<p ol^V 1 

U j.„SnO J4iiU^ ji l^)* I JL-^ ^jj 1 4jT ~Luft>i o^*“ J * fli I ^ .*Aj 1 i j>-J 

cb~ So 9 * s~^ j B o = \ Wb/m^/ 1 (v) ^ 

oLl>' SbiU;^1 y x H ilajlj j! i>rJ ^ \/xs ->* J^jj* W-* 

(_^lvS3 ji ^ijljj ^ j) <A-M— * ‘w'i^ y 4j C --—i B z b ^ ^_y ^ *-LAi 

.c-^i ^ j, & x \ o - ^ Wb/m x ->■* ^ / — o ji iijT 
b^> a J r — b <-r~aj ^ ^ iS^ b\ y~~h* .j? V o sin cot 3 D j - ^ f 

iJJ I ji <& C—*** I i£ 1 a i L> i ^y>- J t 4/1 1 ^ „ c--*> i o Jwsiau / 1 (J J 

'“Li 0 c/1- l =r Jf jl-iA* .0"= O -? fljj = JLl o -? 6 — £ i? £ o J\ 

. JuO$* 4**j IS>4 <jLj>- L o^i 

j s R = h w jul — jit^ j 1 c^lj-f J—>-b ji LJa.^' ji «\ Y 

- J e (tJJi) :^:5 . £ ff =i Yoo cos ^ V/m djb 0 = \ y/m 

■ Ij l^/ I 4l,ib jl c£lj! (c) - J d (v) 

J^liji 5 = \ o" f cos \ ° ? t cos &za y Wb/m x jU^JlS^ 

^ja.^0^ jj, j £ [j 4—Lo* j ^i— jj jj jj_j I ^ j LiCj _^-aj 4^ j (_^U^U 

.XlS^ IJ : J Ij U- 4j U- O^i^- ^ ^=7 -C-.*->l jt y ji ij^^y 1 

Jj*oTU oVil^ ji 5 = a. Wb/m v ^'3^ Ji ^ I - ^ ^ 

4 __j Ij E e at j 4 j l^/|Jl^ US' L-^ 1 jaj-.XJ 4 ^i 4 j ^Jp b fiijS" 

.X jjl 

a^H^E = {\oo/r) sin az cos \o^ t a T V/m ^ijT ji jS\ y 

• o^oS' (EE* ' J 

jlA/ .cj^I £ = (A/r) sin 0 cos (cot — kr) d Q ^ 3T j^ ^; ;l ^ -\ A 

■H^E 9 1 leJn o d v 

A-S'o^l oJ- ^4/ ‘ /yt R = Y ‘ £« = A <jT JJ A^^jU, ^ Ja^ dl l5(j; -\ <1 


f ©Y j3««ru j oUj u 


J^^L* oV-sUc jl (Jl) H = hx x e ^°° ai a y A/m 

CJ-*I Oi / ^j* tJT^ ^\s~** j^ («—>) ‘A JJ I C—O 4j E <£\j* Lill>s.* j^i 

\joJ* j&\\ A dLIaf jJjL j\*\a jJj JL>J JL>- ji 

.i^ Jifciijt>- jir 4j 

O I <^f j —j 4—r J-i L tS 1 oi^ J^ 4 L X ^> o J i I j 1 l5 Ls X o Lf J* I _ Y o 

j* o+ j: Ij j i a = o j = y j c fl = ^ Y->A 

-? J5\ = (Ya^H- Y^) cos £°oo/V/m‘#=° - ->^ ' L -^ uz-* j j—* 

•^? i?\ = (ojoo'r ojoo^ ^.)cos 6000 / A/m 

/X^ — Y -? £* = \ Y->A oT Ji ij>-<jloi^ X <C o ^ A* -t \ 

01 —i j>- l5L l—> ALiI - zyrJ <y L <^i l—ft 4l X > ° ji M- O J 

j i~»~ jo ^~,J->j^ ->* -Ub"l-kj lj N; J l: % J lSjI^_/ 

3 E = Ya x cos £>°°t V/m < z— ° J y— ° 

■H — (°j°°£>a 1/ -\- ojoof a z ) cos &°°r A/m 

J (^J J 3 Ji I) jLj>j ^ 3 l Jzt>- -k-Pv* Ji -l_=-^ Ji A-_r JLfci jtlj' _y y 

J D nr 3 D rA oJ U ^ a,. 3 a s 3 fi y 3 /x^3 3 e v JJ L>s-i>a lj i>tI.-» 

.^U^' Ji Iji J nX J J nS <j&+* 

L—i j-=r J^Ls- 1 — Y <^ ^ <^ o : La ^ iSJJ o^—tyr _YT 

jT lsLs* ^ (oj o ? ^lj ^4 (Dl) .c^i J-i / = / x / Y A 

*^r^" 0?s** t — o Ji \j A J I .Jj jj I c-—o 4j 

0 ^— tj—^ —>■ i —L3 ji 7 = o j /■ — ^ ji £_ 5 I j {£ Jk\>- ij;U:j;j - Y Y 
( 0> 0y \) Ji lj yl .c^l d<p •>* I Q sill (p COS tor 

E J H A o COS OH COS A L* 4 ^ .) I ^ j? ^ - Y ^ 

fj k ^ J ^jL* t ^jb jlLl aS"Ij j L4jjJ_^ !Xj (j j 

.^u;5^(jL jll j £ tijlii? ^ Jk>-^ U j co J A c j, 

L (S\j-i 4j oj I jZi It i j y*>-\ aL-^j a>- ^=?~ -Y ^ 

• ^ ji J ^ 1^* Ji I Jj l J (j l 1^1 ^ ^ 1 1 ^ j"?" ^ ^ 

H-H Skilling, Historical Perspectives for Electrical 
Engineering Education, Proc. IEEE, vol-59, No. 6 , 
June 1971, pp. 828-833. 
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£+>-\ gktmXi g- JA 


j*~ iS^^ri A_£ Ja* J* A (£\j —» ^ JU O-'Vib^ J^aS ^y \ ji 

oV.5 L* <JU-*L<>»I j* di1^ j| 5 vj J** *>^/£ j*J*l j>- 

k .-L-fti^ jlij (j jU^‘1 Aa bjij* Jjv?l tc-^l J jmS 'L 

tiJiuAju j jU eJIj j: j* c^^aLU c^jliu j ^Jj jLUj' I \i^j^ 

j^lC'l i4^j b- ji J i_£ j*"* ^ ^ IS'b- 4^*> 1 >l^ ji jj 4wa5 

b-J .C-* ^ j-hai Ji <JcJL^ JL^>» Ji jy Ji Ij o>3 _^j £tJaw» JU^M 

^Jj L~« ji (j5j^-J ^ c£iJJJ <^ a 3 L.« J Lj £7* Cp-*-.*/ jl d^Lu*ji 

■ ji t J ^ Lj J t£ JI o C-*j I JA (J ttf*J 1 Aj 

JjT (Tja cf j> \.\\ 

oVib^ J»- ,^J J -*jZ il4 Ji Jm 35 Ji l£J ^ JaJ I 4> 1? ^ ^a Ji 4$" <^J jki' La 

•*j>- *>-J> A»- j5* ,lL*^I l>- 4.J L.* o iSJJ* bj\ ^Ja/ Ji ^ J j^uS - " U 

CpJ U-*AI>* I jl ^jl $J>~J b ^ ij-bt* |»jU oLtfSl>i> Ji *J L~ja J>- 4j IJ 

•pr$* 1J Jj L*,« A —*Z a^j^a J^; a—j <. ^-^J ^ I j a! L.» ,j^>L>- 

l^2i L-t- Jm j Ip ^!^—j J ^l j I c^l^ai 4 —j Ji?^j ^ i .*1 j^~ I jjj j 

C-*^l jvi <-5ljJ (ji^ .iJjT 0-o>i Aj Ij t£iU o J jliOlili 

J —f J diUl^l c^i l>- jA jl 4^ 

Jl5^-il <1)1 j7 ^ j c*~»J f jV ^bS^T ) Ll .p-iS"tJ il ja jli*j 1 






jbolilr It ejl_; U cU?--; .J J>- lAi-*.*, <_$!^ jL^j J j ^ITaJ L.j (t5il j 

ji f J_b»v Lib (J-U Ail a*, Jj _/■ JSbJ b jl 

. >;b jJ di b l.Ab I A f O bj 4$* i^lTj If 4 j J J^>- 

j^ru jjViL.* ifjl ji Ij \^Sj>- *5o I 

j**^**4 jJ^y // J £ y JaiS* 1J 

(0 

(0 
(r) 

(v) 

l^»* 1 ^La^ji 4& 1 ^y toViU'-- ^1 j) I j £j>» c-5*^ ol_y ^y 1 b I 4—5" JU- 
(^I4a^ Ji £ § I 4$\;l~jT jl ^rip- ( \ ) HiW* .cJ J}^?^ Lpy? J>- * J 
Ij o! 5^^ J ij; >X-&\j>- ijt^ J* H t-kiL J+&* jUj 

J} I ,tX5" ^y> Ji’U*^ IJ £ jliX>« 4__$^ i ^5" Jj«u3j 4il>" '^ J> Jj^ 4j 

4>-/1 Ojl*J b t^b CjJ U- Ji Jy £ 4 J.*^b jl*J 4> O-**-* £ 

^ i 45*"i j^^y 9 ^ Ji 4.La* | j j| .JJLI^J £ ol j^AJ jJaj l*ijll ol j-Jb ^ I 

(_^Ia4aL>- ff 5?_^k>- (J 45"* ^IA*J I j I -A-x° xA-] ^1 Cxxplj j 1 Jx* 

U £$\1 1 <jlJu^ ij>- 4Jj1 ^3 4.U) U.A ojl_/ji 4<JU- .lA-fti^a !j ^141^ 

4j jl J^l:^! jl ^S^IJL^U 4/ 4__5" c^*~) Uki/ ji jl^U* ^j 1 4|«v_jjli l«j 

ILjj jI y 1 Jp*' j-A-5 JJi 45*"J { <L ^* w Ji .ijli jly 

(J j-<n5" U oVi Ia^j i iSy ji b ^A/b Ijjjjl 4C-<^ljjj <jb^* t4Jjt 

• ^ 

^y yy CJI C*j L>- ijj^ Ji I J V b J j—5" U UiU^ 1^1 

Jab>^ iljpl J I—ajjj^j b 1j J^^il •{i-'tyis* ((jT^J^***^"j—"cii 3 ^ ^) 

. JJub oJLt fiiliy_j ^->JJ*^> 4j t £^ iU^ii JA jl X~f\y> j* * ^^ks a 








gkuA £ JJi 

E a =E mfft cos (w/ + i//) 0) 

c^4 o^3 £4 L> iJj c^-i 60 -^i^J <> z J> y j x 31 ^ E xyz oTj^ *£ 

31 o^Ui**>l L xs>Ij co J z 2 y j x £-f ^ c^>\ l a£* o-'! cs3ii i» jlj i|/ j 

c^L jl il>Jl 

e iu>t — cos on 4*7 sin o>t 

ijl 


£.= Re E xyz <*“*++'= Re e^e’ at 


(*) 


j$ -Aj L> ju I ^ oT 31 juj aS' o-«*l jjj * Re J 1 j-^> 

1 <- ^' a iLCj^O^ jI sj -^1 l ! j Re 1 ■ ^ji-vJ ^ 

jjA^uL* ,y Ju>‘ I L Ij ol U 45 ^Ojj *X&I ishiv-4 L i ^3^ 4j J5^ 

j I 4j p*A*S"* 

E x =E xyi e>* (V) 

*i - _j f ) iJk"* 1 **j 4._4 L-lj 4__j 0 1 1 0 iS 1 

5 4_5^cJ> j^- ^-Jaj J3 (j Jafi9 U <U>- j* O J* j^x* S j 

• S = jCO tC-^l l>- 

ol _y Ij (jl 4 j Jtfj^j ja c-^S^I j 

OJ3 1 0-^3 4j J^U- 5 JLp- C>^*-3 4 : ^.J gi^ 1 ji ol If 

o^>- J l>- 

dE d 

-^■ = — [E xyz cos (<0* + ^)] = -uE. g , sin («/ + «/') 

= R e;<e io ‘ 

l 1 O 4j L^-S» (I. > ^3 j ol {Jp^ (_^****^ 4$^ 0-^1 

l^il# 4i3.b jf I 0 ^^^yco oT 4j 3 sj.j ^ 


dE„ 


\ dH 1t 


dt 


31 


£ dz 

o 

1 ojLp oj jJ (_ w—6! aI^L^ 


!B!1BEBI 





(*) 
0 °) 
("> 

w\j l_j (Jll *03 "*- J j~*o <S I^ J J <LjJj*& At J yS U j l^>- 

1 —t y 0 ^ ^ J^j 1_?J C—£>13 Ap- jj 

OJJ T 0*0 A; (^) J (a) 31 ./ ^ ^ t> : * j* 

l^- 1 31 tpj jj I 0-0 a* Ij y^U* aS^o-^I ^il jl ojl-P l» c£*X*j 

jl^>- o'y ^ ^ J>- (_£l Ojpf Zj> Jai oolf-** 

A_j j 0*^1 ^£*4* aJ^U>» £y ^aU* <j£o ^ J* jl O^J>- p— A ^ 0 <-5_^ A^lx* 
OJJ^-A J^Aj 31 L?J^ -O aUS/ dl 

l_J ) i^Av=:^>- ^la** dL JJ> 0^^ 0 £^ Stal** OSJJ i 0*0 Aj J>jj 

-(JCxH lSjUj o>*^ jl$>- 31 










C*>l juCi 


VX VX £, = v(V«£.)-V x £ f = -;wjLi o Vxi/ s 
= w x /i 0 « 0 E t = -7% 

V-£ = o 


-w> o £ o £ s 






Or) 


>: j ' (Helmholtz) .>* ft* <J->Lj* y* lj ^ <jjb j-jjj? Uub 

4**> otci —j 1 Lu*mj t^jLi oUi^ 1 ji t^iaj 1 j ! Ja**.; ^y* 

^J>L^ <-£^> a£^ *Aj 1 C^O A> ->~^j aJ :0aa 

OJ Lp t ^ ^—> J IT **> (j U^i *A 1 j Jy I ^-i I j£ i t ^ \ Y ^ Alai f J QQ Ail j* . I Al*^>- 

01 ^ 

V x £ w =-«Voe.-B« 0*0 

J>\^A A>>Ji {J? y? bw Aj Jjt\j^\ Ja*-j L A5 

d T £., d T £„, d x tf 


d* r ^ dy r " 1 " dr' 


— = -«V. e 0 E x , 


0 ?) 


i^ IJLj ot y\ 0 c^loiL» ^1 j>- ^ j—i i( ^ v) MaLu J>~ l£I y 

aJ a L* j JU[ aL?^i (£ 1 Ji . L* y L x ^ ^ E^ j 1 J$ aS^ 

^ A> yj <J tsV- , ' , >- i 


<i T £ 

dy 


XS ¥ n 

^r= -«>.*.£. 


0*) 


OjAi Ij jl ciL AjjU^ ^j-*Jy Ij 

E xi = Ae-i^y^,z (\?) 

a_j Ij jT ( _ S LL>- o-*.*i 4 J ij—S'-wLil sjLjj Ij £>“‘ aL>- j c_i_>/ 


Hermann Ludwig Ferdinand von Helmholtz (1821-1894). > 
jl oli_,f Lijl .jC. Hertz j Jji J dA^UoJ^O I t(£Jj} •$ ^ CjJs. 






o oiL- ^ lilt* 

E x — A cos [w(* — z]/n o e o )] (\ Y) 

i z = ° E x E xq ^-o 5*0 *> olt-> *^li o*^>*Ji <6J J-i * 2 > 

4C^.A ji t “ o 


('A) 


A^JlAi^ ol£j \ 


O') 


•A> 1 ^ c-^i jt-Ia SJiUy* J>- til jl 

LjJJj ^5vj J,*5 o,j&U Jj l—/ pAS^t-Lj I J J >\O l£La4a] ja I jl Ji 

4_S" pJ-j ^ .p^Tl)ji tpj.iJjT c*^i 4 j ( \ h) aL !j Ji aTIj I olJL* 4*Jj^ 

Ji V L—> 4 j JZ*.a O IJ (j I ^ La X Ji Ail ^1 

^o-it ^ /(f x s ° A ) m/s • l//i o e o JL£*ab . [ * c s'cjw>j ^tw ^3 

.C-~^! jl3 I tSUaS Ji J ji c-pj-> c 



E' x = E' Io cos [O)(t + z]/n o e o )] 


E x ~E xa cos [<o(f -r/fiA )] 


Vft, e o 


Y-> i mx ^o A = rx \o A m/s 


l-jUo* I jS jj b z — 0 J A-Mj <_j ti«4>- ji La ^ jpA^"^.* (j-^ji tjt>- 

31 c^>\ ojLp ol-L* CiAA tJi u^aJ j ^>Aj ,pAlT 


E a = E Xa cos «* 

^T «iLji t£jj iljl jl *Aii .c-^l LA l j oiL* jbj j! ol j*JS 

ji .c^A>b a_a1 j>~ <^-»La ^Al j Vl oj* 4 ^ 4J tf ji jl io/ Ytt" (c£^Sa# 

c**A I i p^A t ^>* l oji 0 o 4i ^> Is 4 j aJ j4^ 

^ = E xc COS [^<0 (r- J = £* 0 COS [w(/ - ojo o \ 9 Y)] 








o Jo o \ ^ Y jt— 3$ O 1 jli-VjL* tjjjl-**"® -Li 3 *^35 tjl-Vv*> i^»-L>* tI)b*J 45"* 

2 aLia/ j & 3 $ 4-5** b 4^-Mi jlisl/} 3 4j t t yJj i ? ^ .C-^l JiJ 4J 1* 

uiJu* a_j 2/(t' X \ o A ) s W z]l ju, o E o S jU;i a__j ji-L* jf l£Li <j v ^ ji 

.iA-^Ij L* J J*>-1> £-y~J A 

f — o uL-^3 J-> -kl* ^Lj' ji Ij jl-L^> $*J~S (J^y=- ) j ;>^ JU- 

‘prats’* 1 

. ./-. coz 

- Es= z E Xo cos(-u>zVn o e o ) = E„ t3 cos — 


jUi 4 jJ aT 'jsyvS^y y 




I - 

A Jj^ A* 'j^** dj(-b‘l U Z J 


o?A 

— ~ Y77 

c 


r x \ o' 


/ 


/ 


^_jb JiJ r ~ \ j f *—L? ^ ^ U Uj Ay CL^j OI 4ki/ Ji 

^Jb ji J Aiafl> jJb Ji .C-—«t X w-»jLj Ay jl^A Aj C^a~j jL-w oIjaaAj tAlap*J 

jUj AS' ^.i j*5^j ^la» Ji ^ U- Ji lj -C—t ^y !i J Vb Aj »AIU^ Ali>J 

j^>‘ isj;^' t — zV/i o e o j?I ^oj? jl (j^i Aj . -La* L l$v>. J 

.O-ib Jjb) J^>SJ <J? j? E x 



6 <+ij:% Jr- ; ' j^i 2 ' J 


\ 

dt —— dz= ° 
c 


dz 

~dt^° 









j!^ .C—**1 C-S^y=» JL-=>- C <ZS'j-“ L jl-L* ! yj Lj 

uLa j—J a» “Uj U (z x ~ z s )/c olO ji r r ja a-1—* m/> t — t s < z = z s -» 
(V- 1 <3^i JUSJ^ (t r — t s )/c u^l_» J>t = t x Ji .i^e 

I j jl o*"l ,jil ji bj j c*~>l c-5” Jl—»■ ji I d)I.U *.}ji Ji»l j>u 

t l*J )\^ni 

^^ 4 J.iL - 4 C-^t )j^>- p._A <jT AT\ ^ ) aIsj I J 4lTc^| 

tC—') C^5"y>- Ji j—P (_£ Aj l— j t — 2 C-s^>- Ji 4—5*C^#1 cJ>jX4 

p-fti j.>- Jo* ji 1 j c^JU jL- j^\ iala ji £ oiL- j^tu>» 4 j 

IJ j! J j»Ji ^ji <•( \ \ ) ^ (a) -J® IjJ t JU oViljt 4 4j Jl>- 

t(<\) aLJj j! aiUi^l // s y^*> 0 ! j ^ j7o^L- 4 c^»i jj k 

Vx^= -j<»K B 9 (*) 

j-i J jL -j ojA j y^*J ^ L iaS$ aS^ i aa! J** t ji 4$~iz ~>#i 

0-^1 


dE, 


dz 


= -jup, H )t 


ilj |»-al j>- i A = E Xo l* E xs lS'_^ (\ f) it ailiirfi b 


n„ = 




E *S-j<*^p a £ o ) e iai,c 


j 



cos [«(/ — z/c)] 


(r=) 


lib ^ o£"j*- (3 J* Jf Ja iS"t E tS$y>£- ialjAtS' pZS' 

• ~ - * Ji 1 * ( J J*?* ^ j ^I ^ w* U LA* 

‘(to) *i (\A) C~W (_ s ^i J^il 



(r^) 









ff 3 jl j—1 ;j|j a O^tu «—>l>-jUa^l jl b ,cl-*»l O.J U 

jlx» Jj L*a Ji u .d-^l *jlSU j^*A 3 jUj v—-*>■y t £jU |flA ^yj ^ J Jj'(j[ jU^A)) 

ol-u ^Ur b / m cos co/ ^3^ ob j>- (^jS'U) 4^b> jl-U* ^jb colp 
<jb^ J-^JAi (\o) 3 ^ A) o* J I m <£5^ t / = o 

a—S' JL_iT^ d~-o v 77 y 3 £* x d>L*Sbl dL ya ^5"U) <cyy jloJU aT 

i!a>J iiL-i ji l.—£>l-b* jl di —i g^A .J-il —j xw jl ^g>t.fxiA 0 co(/ — z/c) 

a& <>-' ‘ui'-rf^ -- 1 - Old* b 3 I oJL» ^ pAfcj ^5^" U ^ Aiy^j J? JL ^ Lu 3 ^ 

J?U> ^Uj tjj<jl5U J j Uj Lj 4$'c4jftjs 3$ ^1 d~~i aS^c-vudI Jjli 

.d—*^1 d-j l* 

n^jA^VjSur 4_i d—*<1 ^ 3^3* < “'*^ ^ ^^yb* d>~b li d-w' 43 -j J 

■J*® 0 ^ jjij. Uj’ tj b b <jl J ^yhVia 


(rr) 


jl C—Jjl^ ->ljl L?Uai lj t£y>Up c^*jUo .d—*1 ^aI tj -b-|J a£\$j 3 ^ A/ 



^—k J3 jl jI-Aa* o j—>• d—I ^ ^v\wk ^y> <f £JA Ji I 

2 d—£* <d-$p- t£j j I jbii> 1 o j** ^y <yJ >1 d-^lySC (2 “ o-> b) 

33 j* L> tJL>li^p jl^i»‘l ji j:y ^-JsLa^ j L5 $C j ^JI c^l^/lJy .c-^l U 
^y jl lySb qL-^> ^^ .ci—-I |*j 15 jlii*‘l <i^r y. ^^"ob j\ y <£\a>Ju0 
•SJJfj* jb-i Aj 4 TEM 

ol jya jl (SJyaj jl j— ’> u-j \ . \ \ 3 c-aH \ . \ \ jl 

tjt—* j ji cJaJ 1 ^ ^ \ ySs) I <j1 .^jjl o— ^ 4—j L^/1 Uas 

Jp ^-Ja>- 3 I—A 2 J J*** A^ il Jl*l J2 j I (^IaIipJ jl Ja« J o-l»-5 / = o 

.C—I aJ-i o^b jUj (. y — o = o obub? Ji j j— I <^j1 Al 

i1m^»l Ji (jl ol j*Ju Ccl-^l c-^l y£b b_A 2 J J» i cI^UkA^ (jl JLvA j J>- 

X y J ^ ell aImp li ji Ol j*JJ b^ .c^^l (jLSb jJU Ja>- A^ ^A 

d^b jb; (-» ^ JSCi Ji l4>'lSCa j jUj ^y^A JJ * yy\0A O ^b>j| 

.d— «l 









E J>o cos [co(f — z/c)] isId—tJ L-^KL* (Jl) \.\\ jc.a 

oljl^a * - 1 QO ” o ^>1^3 3 Ja>- ji 1* ^ j J=*J& ,>l<J£j>1 J> f Z=L O JO 

(v) 4cU i^ 2 olJl J^i ^ y— o AsxJl^ y y>1 ^=J i iai- ^1 Jc-ttl Ji 3 U 2 jy*» 

jr* J* J *b&s y ffl^ j 17^ 6^ a^fA^-y .C—I a<-^ ob 0^ JJ ^Uia ^oL* 


u£°? 6 ^—>- c j5w c-^l £-tw £JH* L 5 ^li^ ^ J * jf 

.C^l ^ l$J jf I <—3y^ J ijb A>bt C-it^ Ls^b Aj C^&r 3$ J3 y 

T^y Oj^> Aj LyJ lSIa^Li* JJ o-Ul^ j3 yj'T <il <jljy ;jj 

-^■3 y&" J$ jjpj | (^JjAj j) aT ^j>* y .v2*a*»1 0> 1 y£j ^ 

A-^C$jb 1 j C-v«^W Jjf^y k-jL*»- 4> C-^-lySvj £<da—> ^y v*l> i yJ I ^J I y- 

.c—»! e^lyfxj £: y <il j L wb tr^ c** 11 ^ jj:> ojla dl aj 

y J <jl£* J 6^3 L-.-P- y aT^> I j ^ y Ja^ L ^ 

>’ 0 £y U^bu ^1* lyr 3i ol^v ^ «->b 

l^Swyjlft 31 iyi il <-Uj aP j^y .-5JJ I 0*0 Aj fj I j>*b £7 y -? 03 

A—r IJ b j* £7 y 1 (j^^* -b ^ {£* Aj Aj Jji (_^ ^*jk ctL j| 4$** 

31 o^Ul-I t^j uJy<y <—>jI^La ^p ^1 y\ .jsS' 2U*jt c-^*I i->jlz* jlSC* j jU3 Aj 

jly 0 y-Vl—J I c^i Aj ^1-^1 tyl 3i <Aj j y J) ^5sl(*1 

^ yr y ^ tjJ I j ol^ ji oJLi. 

dy Aid jL* <£{ 4 *^J 2 Jy ^ 1 j\ ILa^i ^jT"A_3 Lai (j J_S y>L^ oV U- Aj 

.-U'loJJ. ^j 4 _ r JaU,J j& \ 




m 


jljL j\j> E s (J? ^y ^ 9 \ ^ l j^» ^ t — n Ji IJ ^ jiL^. jUd 

4 (^° + jX Q )e^^° a x (v) 4 a^. (^*) 

‘(f ° + yT 0 )e~ Jzlx ° d x + (\ o — j Y o )e ~ izlr ° a y (^*) 

£ O^O “^C> -|_ ^ 0£ J ^0 0 S ^o)q^ (—') 

■my ‘fur^ot ao 

&.S* 

: Cx^ *<2*-*l H s — Ye ^ 7TZ ^°d Jf A/m ^ ^>-1 c£l^ 

4 /“ jULS ^ ^ —OA ■(^’*^->0 (^) Jj—^ (*JJi) 

•2— am 


• & YVa m V/m 4 Y->A MHz 4 fom :l& ! yr 


J-^jH.’- 2, CJ-° ^>> t*n 

U 1 Ji jlijj t li A*-^> jj | J 7 ^ !? ,-.-■* 77 ^L1»*J jj <Jl>- 

—iI .«^S" J— \j jui ll*Jj l_5 j e J*ji^—i <~rij*& \ —j (oUIj ^) 
:c—»l jij oj^ A* 77 ^ _j c^i yjjil) OLX j 

V r £ s = -03^eE s (\) 

£„ tf tji J 


d x £ 


dz 


f= -«>£.. 


(0 


aLj IJ J (_£j-2 t |v^j jZj tj^3 I j (y) ‘—’l_*>- 1 l»* Aj 

4_r^ J jJ jiJ Ijjtj l jt^A JZaj iS’jyA < 31 ^ 1j (y) 

. JJjL Jlj OJ4j 

E x = E x e~ az cos (ur - ^2) (r) 

slaJb^fc>» ^ Uj O U^Ip L J) I bt4 O J Aj Lj 

E x =E Xo e- a *e~iP z (?) 

a_$"^^ 5o ^Isj Ij \J L ^ L> ' kJ^** i 



fX 


6 J —>- n 1>*V£ 4j (X -|~ 2 J$ jli.^'1 ( j-w? 

4>-j— > J> I JU- »c—“t yu& a & (jlij |**jI j^i *Aj L—* 4C-*h 4 oliL ^ U *h*s>i* 
f t j {L ^ >m ]8 5 j3 b ) ta ^ 1 6 Li l j o-u*j b^y» j8 JU>-I j aS^|**J<L AlJ^li 

ji* 6bitj j—/ jbi j*f J o^>1 .^4Li )\a tj jS aS\i***I 

(LIS') y Jab>»4 )\JLll\ JJj oj j-^p a_j IJ ]3 J OC V <nj &cJ U- ji 

‘(♦^<jT* '~rf J 


y = a + j[} 


E,.-E, e~ yx 


oj j*# 4j jl ^7^ I j (f) aLj 1 j la) 

<*) 


jly (y) ^ U jT j?l JU» 


y'E^e T '= -«>£, 


y x = — co'/xe 


Y= ±j^n e 


£» b AXa> i i Jj b 


^ = (V) 

.Jl-vL_J L-ft 2 C-J> C*$>- Ji jlili'l <Js yw A^^ilaiI j <_£1a£jJ oT Ji aS" 

^ = -B* 0 cos[£o(/-zl/ fJ ^)] (A) 

^ jufA XS'^ y>- -|- 2 Ji C7 C-.PJ-^ b 4$"ol_^P4j Ij 61 aT 









f f \ jda_. 


u= 


\ c 

I fpLjfig 


JULuJ J O*^*> I 

, U c \ 

/ / tW* fi^R 


(<) 


;jL> ^ ^ Jjk 


o°) 


J ^> \ ^ y • <■^*“1 ^3 1 iSVa5 Aj by J* y> J jia \ o <jl 

.O.^I iljl 3' JUS*C~*£j~*> 3 jIaLJ jf ^j> Jj_Lj ^Slj y> <LlS^ji oi'y^ 

‘■*i\s* y.j (Vf* (\ o) J (v) jl 



O') 


^ I *, “ --^ i j l*£ /\ 4 j 


•by y o**-^ 


H t = ^~ cos (ut-pz) ('*) 

Ij J L-^ ii ^ Jj-u/ I JL>* I) (J?^A Ui O* jll» o I Ji AS' 


("*) 


l—J l>- 4»*A J jlw* I C^^>" J ^SvJLXj .Z?^ 

I—^ oJ>1>- <—>,£/ j-i jS" I 45"* J^JS** 4>-y .Jjjli^A J&i'&t 

j**aI js^ £5wIj^ j1,^j At isjj Ji 1j ^1 cJp .i jj _^>* jllifl C«^> 

.0O 

6i lK'* 5 ^ ^ V'oo MHz 2. -** ^ ->•> *-> £•* ^ Ui* 

iJa^ai JI 1_>- Jl>- c ^U1j ^ Ja*>^ 4>-^5* .pj^j jlS^4j ^ y**^ 

-») £ jf= VA t fl R = \ u’jj'^! -^L-! a=o (^tf* u^V £j-> 

j i(r 00 MHz 






fff 


U- 


c r x \ ° A 




, U ojr'fo x \ ° A 
X= 7 = rxi.‘ = ° J " rm 

^ <l£ ^ 1J ^ A*-** \ m Ij>j-> J ^ -><* 

n Y^7 

p = -^-“rad/m = Aqj^ /in 


t/m* fVV 

,,= Mf: = i/ 7 =nov 


fl 


^<3^-3 O .! \ \/^ /lH ^ t ^ l pAp-Pi-^ ^ l__p« ) App^ppJ ^1 pA4a 1 

Jji I JA 


£ s = OJ^ COS (f7TX \0 A / — 

E 

H f —^ = YJf f x \ o _v cos (fw x \ ° A r — A&JY.Z) 

r-^ a>‘ 

ji:;- 'jj-i-l JjU ji & GHz (& X \ Hz) 

p m S^ Ipiii p!** 1 Lf ^ O 111 \f j ||| j_l I j_J ^P^J 1 ijlb^ip* OpC 1 Oli jS" I pi^p^yP* 

■C..li (^—’) '~rt j** (v) Ji) j- 4 d_>k (^r 1 ) ‘- , l~>’I '^- p (iddl) 

pU liA* (J 1 pXpp« CpIpApP* 

YYjY /nA/m.‘ rad/m 1 Y'jvy cm ‘ waa? x \ °* m/s 


1 . Polystyrene 



f f {TJA 


oUiT b U j£ ghmA £fjpol f*S\ 

ijl y> jl c£jL**j Ji 4>- j—5^ J tX jli J-j CJj I X__jk O^ 1 1>- c£j! JX La it aJS^ 
(j~j<“ Ij j15^(\jI (SljJ ^jV c^IajU*.* ;C-9 jTdXitj i j I^j' I C-.J 1 JLft jt y 

l ji ^ ijX>t/> U j Jt -^j 4 —i t j iL* 

ji jjj j Lp j u jjt ji ojj,vs> 

V X H S ~J S +ja)eE § 

l d 

Vx^ t =(fffy«e)r # (0 

J 


VX£ - —y^iiJET. 

aXi Jlpx; a + ycoe o y*oe J^b* 4_5"c^l j.;! <j i j>-3 J 1 

Ij jUXt ^i m .*J» X X>- jl JX Ujj jl y. 


(Y) 


.j ‘.j j 


! < l:« 


= (a+ jue)jufi 
y=+ V (a + jue )ycojut 

tpXf jn^iaj ^JLs lj yili* 4 j IJ ^Uj J* I t 

Y = ]v>]l V £~J s -j— (r) 

r J (ce 

1 J jJ>- C-^X tXJ J__aI j c5^Jj—J X_5^(^iJi 4 j tjT Ji 4lT 

CCU-^I ^ Ji <jL5Cil J 5j^“ J Ji oJ U- b 4laj I j jjj I Oj Lai . pj l$i J> ^Uo' 1 

CO 3 £ J ll J 0 jl y^y Jir^J U- ji Xvlj (ijU a~ o frljl 4 j 4r 

oIj y ^j.*j^ J *l_rH J ib jl^ (^) ^ !j ji Ij 

Y = a + y/3 (f) 

«ijjT c--'J “tj j j .1^ ^ii:.* -j- ^ c-4*- Ji “»-J U J& I jl JL.* cj-LI x ^ j* J 


E„-E aa e~ 


V J ’/ 3 ' 


(A) 




fff 


jOli* J . (V f ) *b?j lj Ji (JL&il J O-w* jl A^lil^l 

* J-ib -(- 2 , ^ff’r Ji jbli> I ji j I o~o 4* j3 J Gi c$ly 
jl c—T jL^- £/" 4f:>1i <jbij jl y ^ cJ 4j 4 ^y) jl obc**1 b 


H .= 

i 

ys 


4d^< 1 Jab>:-* C^< 

.r^L 

r 



(*) 


i/ 

-T 

f 0 + yWE 

V 


e lA — _/(a/we) 


(V) 


t J id |^A ^ ^ <= >A4^jg LkX^ ^ l (_£ 1^4 I Ja* 

£|*J jbj^j ijb^* I J (Jjj ^yjj ^ L5^ ^ ^ *^il jl (Jt 5 

+ z ^* 4 ^- ji ^^j* 4 ^j-? -pr^^Jy G e”~ a * <ybj J>U c^Ab» 

L> Ojj-rfS 4 —) z ilojl b lOb ^^C-*^b J^lp yi I ijJ 3 ^ jZZ* 

sj^Lg* — ► I (Np/m) j~* y. ji (Ja-*^ oj l-J. j—* b JL*X 

J ‘Z 1 jjJ J—jf .^-iLi Jju i J —>-\ J —i g jly 4—S'i£j jiaAJ 

z ~ A om ji 2 ,>* ((^3^^) jU-,1- .xib ct— o jo ^ Np/m 

^1—* ji .i_*> 2=0 ji <jT ji Jl* y l jf e~~°^/e~~ a = oj^oy 

o jr^A b~i t e” N <-jj^ li^«j 4j ^ lL*b -\- z c* 4 >- Ji S'* \ l ot ^ 1y 

td**A>! J._4 tl*-J ^;_ U <& 41J ^24.* (^ i 4 j ^ (JO Jp jl JL>* J U- 

J>*** ^j^ GHz b i to = \ o" pad/ s ^ ^j 5 "o 1 

^yj^b *{J = Y o y/m J e R =bo L JX R = \ jl X7jU bh^ljb 


Yo X ^ o 


NX 


COE \o"x£oXAJAA 


= ojf^Y 


J 


J^y) d-l oUiil John Napier jl <JJ^ Neper ^ »3b . \ 

4 —r^4 l5j^l ^yU^I —ij Napier ^(ei^ 

ij ^ua ji oi bu^Ltfl _) l{ oJ-J 1 





y=j 


. s o 


w 


lf\ 


X 


rx\«' 


1 ^ — y ojfCiX 


= yrtf y— Yfjr° 

= ryA°x vYj,A ° — aYY + ./ YyYo m_ '' 

a=MY Np/m 

uiljH ^ ^oJYf'A c~~J 4j i_>Tjj y. \ Y Y y> Ji H y l> E x 4^la J 

^ .JL^U ^(ji ^ flj jZ£j*'b lad Li» 
oli^l jl‘ j*m jl j| iS^r J o—**> y y* *~>\ y_j ji jblj \y% — J- 3 

ji ^VI^p! jjj—/ c1.pL jL»+j\ ji jljij L< i—jT syrl 

.JJ) 1 j>- Vb jjAhi’tT 'y gzjy*\ jUllM 
tj c—*> i y I J ^ u-*i 

j8= Yn ° rad/m 

oL-'Uo j jif 4^1—-j| t2£^y>- tS ji’ c»< t JLa ; >_ cJU-4; j I jl -U» -if 

y jj .jj-jy* YY'^o rad/m J)T jI^ ■>y y- 9 <r ^l ^- 1 * 3 ^ oUj' cSjJ* 
^y ‘■b-k j8 = Ytt/X o>»- _> to—>l ^ jaa cm jdji •y -» £_ y J.^ y 

.jjj oaI y YJf o mm tSjl—* y 

L \i*** I j* 1 ji I 3 j>LU 


rw 


v = 


ft* f\ -pTx&r 


6 ^jA ^ t JT° = Y*t Jf + y \ ojV 


•*Jb 3^ \ YjT° £ y ^ o~-> E x ■!*& J-> J 

k 4sj-t^ljb 4S^ ^ Ip (^loiU y b- 4 j JU- 

fSo\0\ ^3 4j 4 T(^jLw jU; (y) J (r) Jajljj La 

I j a/toa -c-v-! a_>-lj Lj (t/coe ib 1 j olili ^ 

4_5^tClirl H 31 jl cJp s 1 ^\^\a 






7xfl l = (d + y<M)£ 1 =7 JI + / il 

j! j Up 1>u jL t£>- 4j IJa o \jj>- lSv>- c-*—> 


^ jue 

jU ^ o° (jUjAi C-*4>- li-t J5 Ji jhjJ J-3 {J. t 

ojb jU \ o I JlA jt^>* l5\>- 4_ i o^~*j ^l>- <jL jj>- lSs>- JU*jb 

cSjtj- 4 Jb- jljy>-4j C^jO. <jlJj> jj%a* jl-U viij _,0 45^ (J>J jIu'Lj* 

.o-'i 6^b jLij' y > \ \ jSs-i ji L^&JU ilsj I j I .ajb j> l_d ^o° ol U 

l£_? jS oU:>^ **—jjl3 l —j Ij <jl <-Xj Lj 0 4j jl j jl^ 

^jU J>- 15^>- 4j C-—uJ L>u b- jb y>- ^J l5v>- JU <4j ^1 J j Ua ^ 0 LI-* 1 

(0 


f As — J^EEs 



l_» o-oI-a tan 0 • £* j J & j / oJ j J^ s i> j . bj J^-® f-11 
*-■» J s JU (\^ 401 j 0\y \ o° — 9 J a/*oe 







i dXi> a/60£ ; <(olii; c^lyL;)) <j;jia5UL-; lLcpL aLIj j*! 

JI—f 4 j J 401 CUjLTO jl>- ^2 4 —jUj (J*-^ j >-l ^ V 5 aJ L^ 

,c^—j ! oliJL“ c-»j‘ \y U l£ jLw Xib jboliL* Lp I jb aS^(< j^iI 

c£l j— j L>JLi> Jajljj jl y CjUI? Oj I Jj u >1 

jli Oj>- t^JjT C-~*-b li J 3U J 1 

Y = jWl(|K l/\ _y— (r) 

ob Ja~^ ^IaI^jj j f Ij jl y JlSsolj 


(\ + #)" — \+nx + 


n(n- \) n(n— \)(n- Y) 

---—- /V» ' _I-------- 


Cjt ^ Jn='/\ $ x— — jal coe W^b-* . \a 

;| <\ uijj *r 

v=^[' - j ;„+ ; (:)+•• 

• 


{S*i 

“=^(-^)=v/f 

l'°) 

^- u 1 / »“['+t(^) ] 

J 

(^)i w) 


jl cSjt^-; Ji Ij 

j8 = <o\^Te 

(V ' \) 

c-^la y\j>- 

44j Li.. L 

'=^['-tD’ + >~] 

(.jji \r) 



j^bUiOjsOI fXA 


t, 

( -’ r) 

< £\j—i b Tf J j3 J a oL*5"4^—^ jLj Ij jjI <^>l 

c-j’i j/L-j ijj-* (jjt ^>-j ^ 4^5*^ 4—>iL>t4 t^o / t>Ls 45" 4 ^lal* <—j t J 15* 

i a — Y ° y/m t e R — I —* o jf j Y ^bj— * Ii~~j jlJ&» c_£bb oUIj 

(tiJ*^ (\ o) Stub 31 t \ j <> co = \ o v> 

a —arr Np/m 

ojI p j U *(<J i \ \ ) jl oliL^i L a y y Isjp j m U» 

jl c~J 

j3 = y Y Y © rad / m 

c-*-o o Ij jl oliJfr ^ jl-W (u \ ^ ) 45" J l?>- ,<*i—rT j I Jit* c5jL-v» ^5 

rad/m 

•Aj I ^ d ; 1 \ Y ) ^ 1J jl b c5j^IU c-~*jliU t o^>-VI j 
7/ = ^ojr^/\rjv e = +y \yjo 
^- i*b jl J Ao;A/l Y^Y° = + y\ ojY £2 -><■*-« L-f li« jj 

aj^ o-o ^ ^(l_j ^ y) 

TJ = AYjY^/\ YJY° = jYOr + 7 WJo £2 

l>- <_S ^ J tc^l oJY A Y C-*’I_^‘Ij 4>-jS"iJli» 1 J$ 

a_ 5"aii'-^ <Jtij 1 jIaS"’ jj>^ 4 £>i~J ^Lo J_>- j\ jjL j _y^" cSlfcJ j>»y ijJ jl5"y I 

^js Jb jl .Jail —i ^ jJa* iS $bj J cd J_ j ciL J& ! {£$ \^j_ jJ? j c-j IJla jJ* 

a I Gj£ <^ ^ Ji JaA3 Ij yj iaj.bj (jd 

J15"4j jl^-^4-“ CJ^lJjd iai Ij ^1*1^ ^Ig-jyu 

^ ^ ^ *^' 4 1** 4 ^ \ • *- 4-^ UJL i.t «< 1 Ij Cj I ji^At ^ < 5v 7 *^ I 

15”ji^ Lj L i c^j 1*-U> < j,c^*aa>I oj Iol j*jjo jl j:S 





^VJujyai ffo 

4*>- l i J3 c —*>1 0 _^lp 4j /ri ! 

l_-o J Oj IA—to <^j js^> ^ ll**J -2 L j* j* 

3 E r 6 (T <A-Jl ^ 5 ^ 4 (^* \ \ ) o-Xtott^ djlajj cdl J/l7 J i^y^Sj 

w^^.4 Luj 3 UxJ La* {£33 0 ^ 1> 3 j^iJ J \ f fv Jj-^ j-f a/coe 

oAA ot^* -^) 

ip - dLj* 

Ij 40= \ ° v rad/s o w>-J j^t ^^ aL <s\ y \j 

l) y*p 3$ Jv-> JJ \ 0-**0 Aj ^jd C^ldiU 3* AlT 

j a/e= ^ o v s s (v) <o\ rad/m vi-r^ -* °- , °f c^lj/U 

.a^L e w — f 

ojo^or 4 ojooy Np/m d^l^> 

A -11 0 U*~ 

t JJL = JLi 1 > J —>-h A —5" ^j* tS^j 1 . 0 jlAl/1 ^S-j*# 

i£j[~* to *s(J3j^ 3* ^ ° — \°~ f ft/VCl 3 E R — \ 9t o 

• \ ° A rad/s (v) *\ °* rad/s (<dJi)d -^4 
yja x \ ° Y ‘ rJYr x ^ o v m/s 

jl y J jU f .M 

jl jJ CL-L-i Ij ^ (j?** IJ CU>-I jlSC £7 jl >* <jl *^~t 1 ^ ji 

A^Js3 \ .ioL> I ^ ^j-> j~j *W25 4—i AS" 6 . 1 3 Ua^J^ l5sJ I J)1 A^* 

.O—i bAA ^i15wJL1j 6^- A» ^**-J5vjI Ja*-jJ jl 

^3j* J>-^U SJ^Lm j! 

vxfl = / + — 


ujllS^ 1A h J JJi (S I ^ ((_T*^ ^ yj^ ) *A-ftLuJ L^i^jiAl^li ^jJ I A-d^ ^ 

c a*s> 1 ^y» ^>-1 £-5"f^ aj .o-jI dixi o^li Von Hippel 

2* John H. Poynting 



jpf' \ c.>-f 




ja b jcs J=> j 


_ _ _ dD 

£-VX // = /•£ + £•-— 


jt 0 iU:-l Ij j 

V-(£x5)=-I'Vx3 + ff-Vx£ 

o^ala |>^*l i-U Aj 15 c->La^>c/» ji ia«j Ij 1 j 01 ^ 


H-VXE~V-(EXH) = J'E + E 


dD 

'~df 




V X E = 


dB 

dt 


<_rt'X 


(b j 


-H- 


dB 


dt 


V*(£ x H) = J'E + E 


dD 

dt 


l 


_ _ _ dE dH 

-V*(£x/r) = /*£ + e£» — + jutf- — 


.A 3 <JJ* j 1 


e£. 


d£ 

dr 


e_ dE * d /eE T \ 

r dr ~dr V r / 


j 


pH- 


dH 

dt 


±(1^1) 

dt \ Y / 







fff 


- _ d /eE' iiH r \ 
-V-(EXH) = J-E + — + ^~) 

tJl (SJj £ l t^U*/1 j - J 

- \ x *>*= f f J■ E ‘‘•’+MJ ^ f +^ T■y t, 


i/b ^1 y>“ ‘pr? oaUu«*l Lr J\Jjji* A-^aS .31 J 



^c^UlasJ [ jl j^j J5"jl 4^* (^jL* 4 Cw^l j JjI Jl j5sl) I 

oXi #^*>b c5j yl 4JU>- Jl ^5wl .o^l dXi ci j4ma aT(^*j! 

^ji <J*j^» <jbj> 4j c^~-> ^j->- -J j ^z£J I jl-U* 

|j o-Li o.^>b l5 J_/1 A—f C-«j j4la>J jljj L £|»m- ^>1 ja aJLi» a^*>b <_£jyl ^‘Uj 
aT o—I \ y JS* j\Jjl* Oil^*j>- APj^jn^ iji^yi jsl 

ti )U* o l jl A^r I J5 "jUa 4 ^ wb J^b A* 

:L c~**l 

j) a (ExH)-dS 

.J—Ij jja/ SJj—a A C^l jSoM jl Ji A -S 

tc—<1 ^p jb j *-> E X H V j***^ 7 ^ 

(0 


f -EXH 


JZ** t(W/m X ) J—J ^-jIJ ; tt 5 lAli>J jl jJ ^ l£>- jl^lP Aj aT 

^ l^D * E ijb ^3—U Uk>-^U4j ^5w-J ^AJ I 

pl^SiS* ^ ^ ■pi*’*** J* ^ tJ^T Jlj^ ^ S /^B *H k 


Ol jllaii I Ji ^ <J^a9 jl a 5~ C~J j)ltX-.-a I aIai I J (l)b^ . ) 







YYX 


jljl I j ^>1 j_—j ^^J^jlJJU 4 I***j ^^xii** 1 (SJJ jj jbjJ (Jl^Swl 

c£ I4/1 -L* iJ j* Ji c jl y l5s>- jyj J J . JAi^o 0*0 4* ■Z^LS'* 

4>j^>- 4^"*(Jl—J ^ L**-® .i j# , -XAI j>*J dL** - 1 J 1 yS vi-»pL 4 ^ a*> j**a* 

. Jl£ JLaI j>- <_£^lal> jJ> 0ji Uj4j j5^» Oj U <J>l^j 1-U« i J j« dSZO jb $y J€ 

cool aUSj j& j$ (^l4fc>d o! jj jb j>- o$>- d&u^j j* jbjj o^>- 

(c*g>- «I>b^*) Pointing ->**j? 'j Poynting jbj-* <t* jl c$jL~j j 

i .~ -^» I j 4 ^ 3 U I 4>-jS” o> L*l^* 4j Li*j i . j^*S^ 

ol —i J>- 04 >* t-X j 1 ^ 0*0 *-* H ->* E ^^vals^b- jl 6 P jj:>* 

^3 aj^>J b <_Jk* I <cJ 1 .o*»l i j*e II J E j\$ j> J* j* j* *JajL* j* Ji jl jj 

l—J dj! y*Jb —|— z 0^>- Ji jljJ/l jj>- Ojb jil J—* 0>-fjl5vj ^da**** ^y L-J U 

£ oj^p 4i .O-Mi i?L“jl H J E 
E t a x xH s ci !/ = < f i a I 

.-C j 1 . j ■!*; I JJ ti» ^ JJ H J £ t£ l#’ I ^t 4 <ji I 

E *=E*> cos (ut-fiz) 


Hy-^-COS (M-Pz) 


E x 

f,: = —^- COS X (cot — flz) 


ai'ji 


I *j L* 


A>cJu 4413 ^Jl^SsI/1 ajji 4llj C5JJ O^J 4 j Caa-J jl jj Ja*« jIj* 15^>- 4*^U«^ C^lj; 

‘(^<y fr* 57 T—\jf iy.y, y. IJ 

/'\/f £ x 

fz,a v = f J ~Z~ COS x (uit — pz)dt 

“ o • 

r 

Y 71 J . 


z ^ 

Y 1J 


[\ + COS (Y6J /— YjSz)] dt 

Vf 


Y ^f+Z sin (YlOf-Y0z)^ 




^uiojsai fff 



(r) 


jlS^4j ij jy ia*» jZ* J y_i> ll* |J._>* JjjUU c5^“ 4j j$* I 

j&\k> 3 j —5 SkIj j.* '*-rij*& 

Jk “ 2 ^^>sAy ® ^ y>t) 3 ^) 45"*(j Ito ^>-Vb 

^ 1 / ^* , ,- j -‘ l J l«Wb4 %A*5"*^ 


-f*z, av — ' 


\ £* 

_ Jo 

r 7 )' 


<_£ j^S JI J>Z> ( 3 jliU,ft ^/La3 J&j 3l *—’^li lk ,? E m 

j! c-**<l ojLp 4^c*i> • c —'' j^yj* f-^ -» i^. 


‘Tz.av— w 77 ^ T * COS ^t, 

f lTO 


(V) 


C-^l o«J—>* <jk 3*^ 4j yj ol J-i 45*" 

v=y m Z.^n 


?-\s ot.j^ 

iJU5~l JL* JJS^a jJ+& 2=0 4>ti^ jl £ o cm* £^* 31 45"k ls* ®y ^ JlkL* 
:i\o V/moT S^b 4_5* L—> 4Xi 1 ^ i*Jy~ ^ jpr’.kjv* ^^_4 j* 

(*_>) .Oil—* oX£ ^ya—s^A 0=0 jLi^‘1 i&M (J I) 

.J^b 7 ) = \ o o -f" ° 12 

Vo t rjrr W 

ji J io £>* i££l& j& Jtk3( ^ 1 
«—> J>~ l^l^ol_ft lj°\3^ 0_J*X>saI—/ jlijj I ^JjA J} U Jlla ytj^ 1 

oIxT^jJ^ ^1 ^Asb 3^^ 3 o\y c s\^> I j P k ^ 

.oJ ©ib ^fcLjLlJ kltv iiAjyi j^LU 4 k I j lib j$ t-gj l 3>j& 


hi 






J Ijl l 4j »j<J>L jl j$ji l-^J 1 1 ^'2 J OjJ UaIj^- 

jT ojjXj !j J *»^ jl cSl^JaS J^b Ji £^ £-^» 1 ^* 

^L Ip jo j>^>-^o ^***J^La*j I jLl*^ 4L*» jj 4— r 4^- ^7 a__j jXJL* !j 

l>- Js i-b lj ^gj ji l &&i pi^l j>- ♦c~** , l o-AJ* I 445 ^ 1 * L jl^^whA 
.Jb* O^*- CS-j*» 4> jji^b Ji jLj L j-*Z* L£^r , ’l*V a f ^ jj^j - ° J* 1 

.o^I f <jL^>- j VI—j c-jI* 1& L?1jb u->_^>- l£$ l& 

^LJ j$ ^al oliL" ^ki^Jp o jlii/l <y±^ 2 ,4j t^jyl jjj lj>lij 

c*w 4 .-XO 4tljUi7 C^/ljjlj 4 —j j* s^o^a * Jj l_*^« ^jJLtolS^jl j ^ 4 

^5" 1 .o^*>1 0/0)6 j^>- <iJ> \>zj U- jI jJ L£>- j 1-Xa jlij>- ^ l5^>- 

^ l^jj* I 4>! j IS^ 4 J 2 J b** lt>* (jl j)p 4j I j ^ V L ((j-*** J Lj 3 ( jA23 L* l£s La u!i* 

j* i \ 00 MHz (lt^^ j) (a = ^ o^) jSv cs!^ ijL^j 

pj\ OjI-; j 1 a/iO£§> \ p-iJb J>* ojj a! / yx \ o A 

^^>* L^^l—,j{l T) i jS J Ot C*iL*J 4 j lj ^ Ju Jajljj 

JI W _) i*.P J LLj I L^J r ^ib 



1 j jl jl J> i^g* 4Jb?l3^j 4^ 


7 = 
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0)6 


y-ji-jcyw 

-j=\/ -^ 

frzEEL='Z^L_=-r,- ] h 
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J 


1. Nichrome 




ffy 


ir=X^-^)' , “l w 

U 

Y = 0' + ' )]/ 7 r/ju,a 

(') 


4sw Ji 

ct = fi = ]/ftfno 

(V) 


ji j? J <y j ji t^ifc^ijii ji Ji; <j^> j8 j a c-Ji 
I .J-*jjt***-* l —j Ji ^ J dJ-*** cJb.pl (o - ^ ) *A^«l*wj 4lT* 

j>- o jZ£»* -[“z ^4^ Ji |>j j-S^j Jo* ji Ij E 9 y* vilj Jatf djb ji 

= E m yr*frtW7 COS (at - z^vfpa) (?) 

by J* ^ 01 «J^4j <-£i ^ ^ ^ ^ y LS* ^ tSi ^ L5^" ^ * *J ^ fc V“ (ji ^ 

ji Jaib J—a 15^(J> Ip ^ <^ o 4^>-L* j _^>- c£il* cJ j*.* 2, ]j> o a~>-1/ I .^j JL# 

; OJJiv^ Aj ^) ^Lzj 1j 2— o c£j 

E x = E Xo cos (Of (z=o) 

0^ -(►r^ LS* (^* tSlfl* l-k* Sx5"j|^IJ oT A^i^ JLftl y>- 

|*£jii to^i ( J&[*£'\ JlJ li Uhj 1>- OL j>- 

J~oE 

Jijli ^g5w*; E L**£t*u4 C^iLfc ^kMi a !aAt jA Ji ^ol *X& oh j>~ ^ l5\>- J 

J x — oE x — aE I e- i 'fnWls cos (tor —rl/77/jma) (?) 

•c-l j/. E x b J x IiJ J 

Lw aL*.>- jS*I clJj> I ,c^*l aia^j j (v) -kj Ijj ji c£ikj oIp^lLI 

(jlX^ OXJi J jl— ij>- ^ l5s>- A— f ^4 Als^jta 4^tJ^x5\j Jki Ji Ij ^ila 

^U; jji? a_j (^-J 4 jl jJ-* Jji j-Jl ji j) t^iU J>-lj aj iji; j 1 ji 

Al^sli Ji 3 C-*** 4 1 J>-lj aJU>- Ji . JJ L 


ffSf 


/ 77 /JLUT 

^3^ O^ b 61 J pc^^Ls" 0 «j^" S b b aI^jU ^>1 .Jj L ^ J-sJi) ^ ' — 0 jX9K ^ 

(a) 

■LS*'^^-*I ul-V (j^^Ji I 40 U { y*\y>- Sm> y LS^y y>»ljb &S 

b~* 4 1 J lJ A a '° {*—(,5—£ ^ I ~ ^ |A iJ*^—4 J o"! yi 4_5\1j 1 <Jjl j—J 

pijb .p mJ £^ Jki js «Jafc>** ( L r ;ls " j*) *^j- 4 a = 6 ja x \ o v y/m 

o Jo £ ^ \ 

Scu = 

*vi^>i Vr in W ; 1 j .Sgu= Aj£? mm 4 ^° Hz^j^b^ (<j~ ; ^y)^L-*ji 

4—iT *^>SS 4ja>-jta tcj-*' 1 g ^ Uj aL>>- c£ljb 61 y y l5s^ ^^ I ^ 4^- y L 
(°JY^A) v = <o^r6^j^b olj* u-^ J- t$y~U AJ6r^^<^l^ 

4 \ o o o o MHz <S j—iJJ _^il—* (^j-j'I^j—») til—_ .jl_j b^ ^LaIS" 

.cu^l <y^ jy JJ* yjLA <*li ijJ>* b S gu = 9 j 9 \ X \ o^mm 

4^1—a ^.k**> J3 IX-a Owli l 6b J=r ^\>- J* aS y yjy b 

\Sjy I -ij^^ 4 ( ^XL§“w i <JJ-£y 4j (_£i Lab ^J>-1^4 j cj <y**& Ji ij.J» jl jl y (—J_y- 
j —; Ji b c£iLfl» aS {£)*+>-[j ji 4^.L i jZ£* c£ib& y>-1i ji LJU jy5v!l 

<£ lg.i* 1 _j j>- .SjS c^lJ a Ij ^1 j^I ialtf (^^Ia 4^(5j4j lX$ ^ <c£y- &Z3J> 

J>-b J3^k 4_J 6U J>* ^ bC>- ^rT Ji 2 y** j^ <£s\* J^ jl J y 

^® J—~ *—•* 1 6i ^ — J * <y* l oLftJj y I ji j j^jS^ y> iy> (_$^ 1 a 

Ji | J fl J. J ti*J f Jjl> J l-ii I . ti-^ I i^> t^i Ia 4j ^ I y I t ~ 1JA (_^ 1 y Jj Li 4 jS t, ~ I 
.ili ^a! j>* j! y 4>J U 2A 5jy (S j“6^j lIjIj J>- (j JL^u 

^JjL 4iili 6 I ^y <s 1 b 4 j‘ 1>-J IS”*cfJL> Ji c^l 4AJ JLlS^^y 

f ji Y b oT iU> I ^1 y b ->j^ b ^ jj—> c^Vbj^ oT jl ^*1 ^--; 

L^J 16j—^ d-^l 415 J jJA i y > -* C^ibj jl , -Lfl< A y 6-^ * |*‘ t *^"( u 5 ,a ' il>tlj' I gJj 1 

t^il—^ tib .JJlob JJij c^ib j 6 ly« 4* i iJJb- Ji 6 ^ '-4 4i^k ji 



\ ^ 


]!vf\Lo a (3 





ft A 


j a l j>- ^^ ll— *1 in jI c^^djKo aTJU _>7 

I j SJj* Ji 1J CUj I^JUj ^cLum^ 4; J^j 0"^" *” 1 -?* 

4 ) Iw* jlX-4 L_juxvi; jJ c£il—A ^j-JL^- j j-*,^* jiSC ^ J^Uj i 
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j^ 7 | sin /2z | 4 —j jT j—^ ‘(v-b^i) jj AiUS’J^ jJI 

45*"JiS\*£ 4J> 1 i t . 1 ^ U j I 4 L U Lz j 1 Ji 4T l JSS' 

Ij b ^ 7 j ^ 1 0-^1 61 -Li oib j 1 -i/ f". \ \ ^SL 

<Av? ji Jl*^ 4 j iXil> j^> 4/ aJu*j Ij jL 45""0^1 {j* UJ ^7$JL^aj cJ b 

jl jl (_£jbVlLa J &X2> JJlH,* 4-^-U O t£j_y I J oJLi Ij 

‘U 1 ^ b £7 Jt J L ^j—-a jl i^S“ jA C-L 1 J »Li ^ 4o- l ) b 

j^ ; ls 5 " ^j^ls a <J^ a^b j 1 >£ 4j Vj^. 

ijUj^^li^ ^ bj (^'jt4j 44 I 24j Ji jiJ-^ ^jjl 0 b 45*" J.O |v*a!j^ . 0^1 ^ J£?y* 

C^^j' Li 0 ru ^ J-.a J jLa*> ^ j—Ji 4_J jl-i^ j I J>w* J jL? 

^b 4jI^ 4JL^J 4j oJl-i c^ojlJj'l Lb i**^*^- 4 4 j 4>b ^>j5**L 
j£s} 1 j|J-,a CjJ. 4* 4o-iJj (J 7 3 ^ 4^^lL^j|*A*^ jl L 

L^>.S ^y Ij fiJLil; jli J dJuJ lj ^1 ja\ 

E* = E+ a , + E- aS 

4j 3 l(^j£l^j*P jli 4 j ^1J Ij Vj-oJt-*) C-«u 1 / jj ^**»j-L^j ^^t.j Ij Oj4j ^ jlli 



Jl (jrbdoi ^-il Oliir^y -U^-a iiL jj> c<Xi -^Lj_I ^TL jllJj ^_5-° 1 

.cuT^a | sin j8z | dL 





ji b Z L ^4 2 *_ t< ^ > ‘ji 3 iS 

-) y—{ i *«- ■^w* _? t^p*^***,*^ <\jm—aJ (^l_A4-«*li 

.313 p^^j>- <J^ S ^ (1)1 a^-L^L* U C-m,-u.-> O^"^aI j>- 

\ Sz^a aS po jS ^a Jai |j U- jlTjjl CjI>jJ3- Aj JL>- 

.Xil_j ^a 1 S^b jA C-^l Y ^20^ 3 (. OL^ = o ^*j tC-***j| J> Ip 

(*ijli 


£+.., = ^.,.e 


-jj6v 2 


A = T£+ lVo e 


J > 


jT aS" 


r _ 

'Hv + ^\ 


Jj’I Ji ^ T JjIj —> b .-tiL-1 Jabk^ c—I TJy (Jj 0^1 C^JU -> 7] v J 

OJ At (j | ^ 4 / ij I j ^1 J iXiL Jah>s^ 


r= ir k J> 

J*£ 7] n ji j 7]^ J> \ J q)— tt tXilj J>ir^U r V^ ; •(^■ 5 ls ^ oLb* 

<_£Lv^ (p -Ub ^Z> JJ—f 7J S jl J fjt^" 7)y j^" 1 J Ll^*l 77 c5il-^ db^Jfc (jp tJj^lj 

ji c^mjjLp ^ 4-j^L' jroi»x^ 1 1.*,,■‘*1 y^**^ 

£,.,=(e-'' , ' , +|r| e "e'-+’”)^. 0 ) 

jS JJj p^A--^ AIaaS" J 4LJL-j pjh| 

(_^|<C-JLj lfcla3 —i jli p.—A Jj\j~i 4Jb>- alS^j—A . p 1 At IJ 

4LL*-ib p--5>l_p- 

^ v ,max = (^+|r|)£+^ o (Y) 

aTvI^I Ji (jj| J 

— j8 x Z=^ s Z + <P+ V«7T («= °, ± S ±Y, • « •) 







C5 




-J8 


2max — 


9 

—+nv 


(r) 


, ( 7 ~ o) C-^ 1Jy Ap^i^ J3 qp — o jiS 1 O '^J ( ^> U ^ Add^j AS' dd Ij 4di> b 4>* jJ 

yJ J^> j* ^*T J dd>l C*y J T aS" d^l J^> LSjU* fj$3 <p 
V V^* LS rl ^ ^(jl?yjy l> 7) x ^> T] x J <y^ 7 ) y j T) x a —^ 
•^3~* j$ (^-^i j* ^) l£Ia*,JLj jblj ddiL_j yLI^ l^* t jjy j \ a^p* Ij jl jjj 

p«AiJ j A 

^3 4 5^<_£Jykj bft 4^ jS' U>41ddj 3 (p “ 77 \£“(S $l & t 

aIjI a, (L^dy) .d/jb j\ J ojJ- j — jS s ^ = -77/ Y l Y<rr/ V J* ‘^At* 

y*i 4 ^i *y c~-o a> jSjy jJ Iy J>-b aI<^j^ y \Ao° d'i 

£.. Nl Min=('-|r|)£+ No (f) 


l*ylj 4idb a5"c-^I y l$l>«.* yl j 
— /? v z = £ s z+<p + 7r+ tmr (»= ° } ±'» ±Y, • • •) 

L 


qD 7T 

— fi\Zmin — ~^~-\-n7i + — (a) 

<£$ l* _? ddjb jly J jLj j I yjbz« 4JU?U 4j (l£**~jy^ 

ol^y .c—*»! i_5-b a>za *0 l —j —j3yZ— 0 tbU —j (yd y ) ^ J* 4 ^ 

y j^ y I j d~ib ^ j>~ z = o ^ cSjlii j (y^y) A^rd^L,; q~> — vr 

y^>- y j 7j x ^> aS" 

jl j ^ Ad^S^ j ^ ^.-oj I/* ^ 4i*^j (_^lAi4i^b y^ 


^i\»max 

\ + 

ri 

^ P • 

■*-*'xs \ ,min 

' - 

1 r 1 


(^) 


^ b i r rrr ^ jS \ *dd*lj dj>-1 j jl j dj ^ c^4*>l ] J 1 j ^ \ Oj^- 

H^ L y~*^* A (J** ^ L^Jj— 1 i y L<d J c —^1 fld : J It £41^1^ od^ l"jL 7y 






IXj ol ^ \^f Y 31 <y jLa^ J^l jb Aj \j j> X^zIhp .c-*«I c-i 5 - j 
^yj ©U ia^j j3 to-^l yw> 2 J^ tjL-o yil 2 ,* ^LJ tlgj I 

j_5") .o^l 6 -V*j l—J ^bb jjt^ j l ^ (^lob c£i jb 

t£U*Cab c-*^I s “ \ j (Sj^ *! j r — o ol5J 1 c 7 ^ ™ 7}^ 

6 <Aa) L ' J L,} I ^ jS" | 4 Jj l l ^ ^ 1 * 1 *^ ^ J ^ 4* iAt^ " j ^ jt.^ ^ 1 ^ 4jt^bWAA> 

.$— &j>kx j 1 r 1 = ojvoy j 1 r | Y — oj^ 

Q£^ O I 4 ^ j—* 4jT Jj> b oliJi b (^b^U jl ^ 4^>-1 1 ^ZS* L y>j* (jb>- 

-|- z <^4?r ->■* ->bj* I Q+J* J5 t-L-j 1 ^ <_*>- 3i 4$"ci?b.-U 17 £JA tOiUMj 

— 2 jU-X/l ji yl oXj Ijjb A; 

J* ^ y>-l ■' oAjj b" ^y* <L*b i j 4*yj» Cm j 1 4^b 6y>-Vlj j *X b^y* ( jihtolS’" 

(jS ^ (_£La4^5^J lA4lJb aJjjbjb v -Jy ^y-Aj 

l$ ; I /j^j l_3^Aa>-I 4yJ>$ J^lj-—* 4* <Cf *Ab o-Aa l^-* Id 

J bilj I L--*> yj? 3 ^ITcb b Y 4_>* b ^5J Ij E x \ Y■ \ \ (J^ 4 ^ ‘^J^LS* J+*& 

J 1 fcih g~*A 4L*b 4$^4>-^a> fcij Ij 0 ^ J '-vJub ~ -j— j*f7r L \ 4->* Ij 

1<J ^ ^ (^ 1a ^4^4^ J C^^aJ ^ J [jm<* j5b ^ 4*4* b li ^ 1^4>^|J b ^ [i AmmwJ 

0 h 4<“>> (jb CL—i l—>■ C^ly Cn* 1 ' 4l-vP 1*3 j 1—> C>t>'^ • yj 

0^> Jj^ain-L* ,y c5j^o 3 ! 4i^ isj? <—Aj jX) \ptj Jt ^> Ij O 1 jl jj ^j‘ 

c 5 O b^LL I lJuxJsj uoyj (—>lJjb <^j u»>j) Jw >jj 

C-a^J 4 j \j 



oUJj Ij J5 61 X.J Ujb y I V* 1 1 





jbJ 4j 1 j J>\ ^j I y* \ \ *^b jbo uJ l>- 4>-^5f 

J 2 olifr ^l^lj 4 —> JU&I Ja>- J.*.£ Ji 45"b 4j >-jj Jj L 

j i j\SiiA 45b j b j .0.^1 jb jl 4b^li ^ b aJLs^j ^5*1^ ^ I j^l c-wJ* 

.lA^b 4U»| Aj ( - £bla>0 | b» ^Jj li l!j| j,a iU>-U 
J^il J.J 4 oUl7 4 _j Ij 4^>-jj jS I 4 djljji 

^ c5 I J—J * jfri-)J I CA*-' > 0 4i I _) JTb*/* J ^5 \j I (_£I^j I-Aj-« <•—^t-b^ d .*»<.*> 

oj b ^5 \I*m.j ^^-* c~b~ j,>- c-*^>- 4i j 1 45" 4C^***i —j— Tf ^ cSjI**** c^w**j* I j L**> 

ji Jl*> I \ _ i JJ b 4__5 "«Aa^^a jbj 15* Lfc ji I jS ^.o jl 

C-^lf^J J J<5v=> ^ Uj I C^««J ^ 1 j—i b J -bL^ l—j J& stf> c5jt^ LS ^ 3 ^’ ^>-1 _}J 

jl ^JjLp 2 = —i j: o jj JLssI 

£., 1 =(e' fi ' I +r^ i O' 1 )£+« 1 „ 

// ,. 1 =(< ?, ' ! ''- r ^' ,! ' i )--5f i 




7)in cs J ^ *S^JJ3 i£j*\k Ij I^j'T ^-j w*^j j 


?]in : 




77 


ys\ I 2 — —£ 


e J >vi_l_re- J >' L 
~ r I in_ ^Ti~p^ = 7pTi 


; ^jl iUjt j] eilivl J aL;Ij ^.jI Ji T = (tj„ — V\)/(V\~hV\) jl } ^ 


r 1 


jb 


^)in = 

( T ?y+ ^nKcqs PyL+j sin/? N L) + (Vr ~ i? v )(cos^L~7 sin fi x L) 
)(cos fi x L +j sin &L) -(tj t - V\ )(cos /3 X L-; sin fi s L) 


J- 


;; CjJ_j^3 A< 0JjS”4jLj Ij jl jl J~‘IS* cJ j 4—; if” 


Vin=V\ 


Vx + Ph tan /3^L 


m J_ in 


(v) 


3j>-J i 3 jl U Jj 7jj n JA-ib 7J^ Ij yj^ 

J*M_j 7^^, — o ^5 1 .(^,.*^1 Jlibl 6 lSsI-n^ J jS ^a j jjlJ — ) 









A; cJU- ^,1 Ji . Tji u = jT] s tail j B^L 

;S3^ H yS \ — o aT J IaU ji tj n .c--» 1 = o L fi^L — rffl 

.C-s-vl C^j 

jirA —* j ^ i «i*iic—<U-J d j (v) i j t ^i i 

u!i_> L^'jJ jJ Ij 1J A_J J^a3 ^ I ^ J 0_^ 

L-JpI aTJj I ( jr^ ^*Aj aJ Lwj l .A*J l>. t v bl J <j£l j) OliJt> a 

i^Lfe-bS* L-i aIw*jj a— t (j, j?- J^! jl c-*Uli>- (^Ij^ j 1j lgj£> I ^jV 

cr^ I A'\ \ j5Ci ^1 Ua>» ^y y 3 j - 1 'p? t-£> j*> (^jblj *A^>Af ^^y*) y>j+a^ 

\ A y-\s . I <^ — L 4-LiL AI*ib j\y aljl ciU^d y 5 y- e-^>- Ji 

{^■ 5 C^ 14 jl L^'AaJ J 1 ji a 5^ijtj vly Z — ° J 2 — — L y> 

olilJ o j Ij jj> l* y 3 _y ^ jjjjLJ I ^ 2 >- I j Cft l>w? j 

Cun 1 :>! j I \S Uai5 a*>- 1_j l 2 ^> o t Y 4 ^ >_ Ij IJ jj .d-i L <3- U^ y*& 

A^i J A) (jt^T u_j 1Jjlj jl A^'j I (j>1 y -iL> lJ I Aj jl^lj C-*>^P 

(jLkj! ^ji>- e$Ua3 1—i f j I a5sJj ! <si j—> l —j 4 , 5 ^ {£jS j>J>- 

7] T = rYY 0/^ TJin— rYY 


,r 



1-3 aJ i ] '^iA ^1 j 1 

_>U ; r) o ^;f J*. 


c^l-^ 4 j ^3^ t£h>J ^lj> ^ 

Ij 7]i n <■ L i T}^ L »»jL 


1 . Radome 




fAY 


rvv-l- ;'tj> tan jS S L 

™ = ^ +J r*nm JJ 

3 t6 ^j5"jl aS^ 

yTW r tan jS n L = 717 ^ tan j3 s L 

jl ,7^ 4 j Ij 3j> LS^toJ t T|^<^ VVV ij'tk’b** ji' j1_j. a*1S*l5^; 

U ( jS^L. = 7T »ljl*j fi^L — YVTT l — J l L 

\°°oo mhz *-uJ ^ ^ *Aj T^ 0-0 4j L = \^/Y 

i—>UuI c—"I — Y jYfi j' c5'j-i aS”Ij liir ^ jilL—> *AJ»L 


L~ 


\ _ u s _ 


(C«> J1 . J 


r x \o ; 


\ ° x m= \cm 


* */\ Yl/ YjY<S X \ o' 

7] n i = \ £2 A-S^b 6lA/ 0*>—J ^ tXib o cm °jl 31* J? I 


,«A*£< JvAl 


*.5\a1a , JLj Ij l)' w jl *A*s>JA \ f JA 3 


VII 

a^ = o(^ = r i^=A ^-i v-t; jl jjiaj tj>-\j&i ^ 

L* j ^ “ o ja (Sjy *a* b <y a Y = o t ~ Y‘ =T J^ 4 4 j 
(<J*Jl) tX^b xa o o MHz (cr * 0 ^y) -ajIa J z <^ ° ^ <^i 

2 — — y^racm ja Ij cSajjj <sj* (u) 4 jf’u (^-j) <. r 

, JLlS^ I JLj 

^fjy Qty i'/r :l «dj*- 


:lAj 4^3? ^g 

1 - Ginzton, E.L.: «Microwave Measurements,» McGraw- 
Hill Book Company. Inc., New York, 1657. 

\ \b o L» ja 1 j jjU c5 jS gjl^j I (j\.$J >jj jl Lsij^ s* dri* 

.JjMoJU j j*\ I^j 1 A^a 3 <Aj j*a* j^ A jl (^jLj 4j I j\ Ajj 

2- International Telephone and Telegraph Co. Inc. 
^Reference Data for Radio Engineers,)) 5 th ed., Howard 
W. Sams & Co., Indianapolis, Ind , 1968. 

.ajhjj b> t5,*l1^0^53 lJ ^\ j>- jl ^ fj l$J y i 






3- Seshadri, S-R.: «Fundamentals of Transmission Lines 
and Electromagnetic Fields,)) Addison-Wesley Publi¬ 
shing Company, Inc.» Reading, Mass., 1971. 

• sJJi & i (i ja ^1 y ,1 SjL ja 

4- Stuart, R.D.: ((Electromagnetic Field Theory,)) Addi- 
son-Wesley Publishing Co., Inc., Reading, Mass., 
1965. 

jl**, ^1 y I ** L? ■> ^dL* (jb j>«*-(la jJ al< j$** jUS** jj, I 

.0-^1 ol ^ (J-aS 

5- Von Hippel, A.R.: ((Dielectric Materials and Applica¬ 
tions,)) The Technology Press of The Massachussets 
Institute of Technology, Cambridge, Mass., and John 
Wiley and Sons, Inc, New York, 1954. 

JjU 

8 s k — 6J|/^ e oT ja aS E xS = e±- i{k!+9) & A ft a oW 

iC^I <• ^ \ ^ \ da, I j Lj*\^b d al*> ,_,1 y>- 40*^1 

ja a ^y ^it_, ^—ULa* o-Ci» y Aaly* i£\ji c^ida, lj _y 

61 j-r y d J*> jj^> ja y> a-}- oc 04 >- ja al j I cSl_*ai 

( r;J rL..) j I a__; / — o J # — \ jij l_j y ixl 

^ji too V/m 

C->-1 l ^elk u f^>_ jlSvi I jlJL^ oX*i> jS"1 

= V °e~ ibz d x — Y Ae“ J "*‘5*V/m 

.*A-a 5"*. '*Jk**J 1 iwldalj 

- O — ■*"* 5 

^ O ^ o J ^ f y) ^ t jSsj _\f 

{ \j —J ^^ LB—~ ^^^ ^ ^ ^ U —-— t — & ns 

-Jui»L (po — j¥ 0 )e~ j,7r: d x + (V ° + j\^)e~^ z a^J fm 

4_k IJ L ^1 j l c^lwsi3 LL-±\ j‘JSi ^db -ft 

E s = \ooe“^ 2 ^-|- y \ o oe~ j>nzlr d s V/m 

I ^^ J —i ^ OiX*^ ^j&>l+uA 

t£Jb-l J ^ 2^= o ? \ o j ^ nS ^2= o Ji 1j 



fb\ C*>f gda-* {TS* 


a n o T E = E cos [^(t — d n *r]/ix Q e)] pr* 1 * ^ ^ -9 

SJiU, (*JiJl) :a5" j«a$ oil; f — xa^-V y& y ~\-z&z * <~£d>-\j jb^ 

OJ4j (<lL* 3-1 jj5\J)) E <JL+**>\ Cy \j £ jU A JIJ jl JO A.5^ 

I d+A j 1 4_5"CJJ 1_ i 3 I—3 aJ 0U>* (<— J ) * I (t — # R * F |/j^ £ ~ o-j Ij ) 

x + Yy — Y 2 = o ji c^*J j U E — £ o tf — o ji jIi£jj j 
. E * d n — o (v) (\ ? Y ^ — Y) aLs/ aj l jl* ji ^ aS^^t j ji 

Jl-^ j: y°° MHz a »^L*j A_j C-*>-1 _^5 \j ^Lawi ^^ <2JL j) ij E aLjj Ij -Y 

ji j «iJ. 1— ) U> — qq j^>*« (_^jl 2s a_T"^t jji iwv; a % c-4>- ji jlj^j’! 

^ ^jh \ a o mV/m c~i> (^ /t) 4»o*«iO j\JjlA 4i /“ O Ji (oj o ? ^ ) 

.JJiilj O I JL ;1 j.A IjLivJ isu>s^ 

^?t .c^l h s — Ye 7 ° ,NZ <3 y A/m ^ o>-l_^i -A 

\ JA (jr-' J Y X \ o A m/s jHj? J3 ->y jl-^j‘1 <j^p j*> 

£r (^) ^ I f ((j*^* ^jty ^ ^ (os3 1) 

■E s (°) ‘V^ 

^>■1 £j—^ j aJJj L5 ^-'* I A^ jJ&s I jl**i jLy (ilj (^J 

I ^ o qjxl il j I tSbij ji & jlJJ 1 ^Joi^5 jJ y 

^ <J_$—^ i J-^» il^ol ys2>z) ^*-aL?LA^ —J fiiLa ^J>-li Ji 

Jjiy.ij (v) -? 3b< jUy (,Ja! I) .CL-^I YZ^ern jf^ 

.b.UlS^ I Joj Ij 

4_J CJ-wJ J lw L$J 1 ^J^) 4$* E s y J E ^ C->“ 1 jjS^j ^Ji3*M>9 Ji O 

J jE^(/) ^ E^t') ‘ 6il—» jJ—>*!i Ji J J—k* 

A_ry-?Ji a-< lJ-Ji i-w Ji b E(t) - ^{EmdiEjW 

iE sX = Y oe~ lny d 3 . (^)‘£ 4 ^= Y oe - ^*fl y (<J»JI):j£ jV = \ o e~ iv 'a x 

■£*•< = j^°e~ i,jz d !) (v) 

**tAw» Ji i_^ jJ~'.'.A Ji 4—^0-5-1 Jj J—■« lil/ 3 ; ii! Jj . \ ^ 

i2.»x4 .o-^l s-Li iili E x = di o o COS ( \ °' 77 tJV / HI 4_kj IJ l_; Z—° 

:o—>1 «J_i JX R = (foo j £ K — ^ jff = ojY/i y/m l< jl-i:;l 

ja Ij H y (^) J rj (tj) J t/ (^->) J X (>~ 7 >) J ft (<-r>) J <* (‘- 1 -* 1 ) 

.X5"U-j i— o ji (o } o ? y) mm 

A—j 1 iAa ^a±j*i0 aT^Jjjjms ji °J^ji lj ^ \ aJ Lyj» (^) - \ Y 

*dd L oIj JJ5; t(v) J YJ^ X \ o r ^/m (orfl) 



t ( f ^ O 

.xi l j \ o ^ jj I y lit \jLr) \y It j 1 c5l y ^ ^ j^i j: 0 ^ U - \ y* 

jAZa o^U ^jI ^>-1^ JJ ^ $* J jX> *-U>- aLssUAj Jji L C^>-i ^_4>» <dh 

t_jJj^2J oT 4^1^ tj 

j I (S j aU? c-^l^-4 o jl3 cr“> (_^ ^ l»* (j j i^- «ijj <j i jj i ^ - \ V s 

cl)jl>- c^jl jp R<j 1 ji 45*"Ll-^l OlCR j>\j> OJ^- Q J <—<4 

I_j tl)l tp aS^Jj ^,5\j jlaj J$ ! j ^jL»J i ^Jsw-4 L (j j t>* tfJj 

o UU o*/ 1 ji I—T I j Q j ijl jJ c_-> jJ? . I o j J> jj j g j $ 

.*!> jj l cj^o a* 

o)= ^ o A r ad/s (<j^»o^Ai; c£l^ P j8 3 a <_s^dp ^oll* a 

.-US”\ ->o odd <S 

a«*S^ jidT . Jdj-J 1 L*j jU^a // j jl aS^^t UlT Ij ia : >=j» (jjly - \ ^ 

jl^ jl f Z( a v = (£' rto Vv?)Je' _>:ot2 cos 0^ ^OJ-^ ^ ->Py 

■ V - VmZfL ° T ^ ^ E * " E ^ e ~~ aZ G0S fc) 

£, = ^ c oe~ jvxlr dJV/m ^Jsw^^cSI^ _\ v 

t~° 9 & 9 \ Oj ^ ^ns tilji z = ° (<JfiJ I) • IJ (jlAiash;) 

•-V s "6^ J z=o 9 \j& } r, cup: r= o (^) j 

Ji l 7 —j j jl Jwi# 4 3 (j^ ^o0 1 <J I <0^ ^ ^ ^ ji » ^ ^ 

t_Ji>i5j J3 I j dSv^llj j.j jlj P_/leA** oili jlij Pa5 jl (_£lA*^-U 

.c-^l sjj* ^1 dx;^;^ y_ X+J23 at j,5\>- JLa^ jldT j JLlS^^IS sT**^ 

£\=poo COS 0 °^ f Kt~ f 7Tz)d x V/m cS-\j&i ^Xz^A <\ 



Jlij ! j —T 


A^t 

AjO ^ *-a 


^ijjA* U*ja (jl(_u_^ dJj j ^jS^Lj 1 jl^ dij \ \ JO 

\ A a] I-U^ Aj . (jj jJj jl 3^.la=A J^p- ^,-oLfcft >'^»cJ ! OJpl) 





\ C**’\j*& £ J* 


.30? 1 Ju> fj ff P\,av (cJsJ I ^ .C-*^ i 5 1>cj I Ua^ o till 
j? x = Woo COS (\ oV/ — f77Z —77/r)^V/m c5 

.wU*^"1»A^j Ij av 

l_j lSI^L-* jl \%\ <d N /x^ J | # | ^> Vx^ l/V -t 0 

I J CUj l— > (j l— j j>~ lSv>- |» O 4^> 1 —j J.S .wLi l j (y c*J I ^ A < -o ^s> 

(^) .juTIJL, J^bj* Ij FI 3 E («Jrf!) m/o^J \j>3-Ja x 

$33‘>ia (S33 <J I 4 —? ^-CO 0l^‘ ('—^ .33? iJlo <s^U ^jj I | j 

uiI '-? dc oij-? JS'W^L" z“ + Vx J y “ itVx 4 x — dz V \d A * 

. 4j 4^=*- Ij 

Ji ^^1 j^j £7^ c^t jj til j} Jj ^3 IJ -Y \ 

■ex — Y y/m 3 e R = VA 

jLi.j* j aiJij_j* jjjJ ojj*^j 4j j <j1jl* j, 5 ^ I _y y 

Tav — ^ I yR6[£, X //j° j 3^ -^bj* ^ 45^ 

• d^l JJji ia.l^ o jl 3* *? ‘AjT^ 

jl V ^-o-A/s tXMj 43 J*? At 03 jAa a5o I t^l^J i^Asaa /« <_$La^j 2,^ -YV' 

^^5 l —j d j^* ^ ^ I Aj J ^^{5* ^ ^ Ij ^ji 

(S\j~> 3 *33 j^4_ ; \ oGHZ ^ .^i 1 4j oUL‘ 

T 4——j cjT jl L^l 4—j V J-? I 0= ?J\ V X W V y/m 

,JLi> JLai j>- J^>- o^‘ ^iy 4j y Jji? ^j 

\ o g/cC jT^ 1%-j \ o c[g e>jli C^^ij \ ocm ^ 

c^jU> Y X A mm ' a> ^i : kwi jl^ ^ <i-l _y Y 

\ MHz ^ ^ j1-^5>» 4 t ^l^>i jk^> J^Uuj ji Ij j! jla Ol{ 

^ jj>- lL* 3^ L ^ * Jl-j y 

j—* Ij (Ji (J"^ p jl l A_>- J.jLs* L^ ^^7 jdjJ c^IaL^U 

O*^J* Wjm£> jl i_ji-2J U Jlj Lwj -ij Ij 

YX \ o A y ly 1 3 ary ^ J j-k» J** tiJ^f aS^M^j tU jl tijU*? -Y^ 

^tJa^-4 ^j>» 3J^> Ji ia£3 L^JbzA ^.| .^_ jl 33j ^a (tj-^^j^) jf 

L^ljJ e 3 fl 3 0 ^U J a>J j* I -c^*jl (3:sL* iljT ^Iwis 

t j (^jjkj* 15"J^Lj j J^1? itblj jl l — J *^J*i 

.iJIaA,^ il) L-»j 

4 ^ a*>-L' ji YooMHz ((_r°*^ j >) ^^ a—j c-> I —- “Y V 





^Ui.jyOl fj'f 


\ L^t_; j?) y ? L ; £+ iN = Y6°e ’^^a x 

(z J> °) Y S>I-j' js^ = o _? ju RN = \ j e fiN = Y->Y£ (z <[ o) 

j£+ y (v) S E~ sS (ui!l) :-ULi (T r = o J JUl^rr V s Je^ = f tfljb 

.X:5"IXj Ij < f"^z'r 1 av/ < ? > '^z\ > av (°) J (YrO 

-2 ^i?x Y J Y j JO"^ — o ” Y ‘'V^" Y V I — a - Y A 

UTC_5 j-aAJ ^ aSnJj I 4_> 4>- Jj L .-Li Ij 0 ^ — O J ^ 

d* m-A c^Uj^ SUS^I^* 1 .-L-5 TjI^nI lj<3y> SI (j> 

. 0-*j I (Jj ^^Jjj 7 j jj 1 ^ j ji**» ‘Wtk <jj l£,ia*>*a 

jljl <_£l—s£i jl l —} 1 j (Jl—<&»*! Ji ^^>-1 £^ a *- w ® *-Y^ 

jl <OPo-Li 1 L>“I y — o J \ Y 6 ^ * J ^ *■ *i Ij iS^ J' -2 ^ Si U 4j 

U oT jUL^f J e K t-Lilj oliL"^ flit> JjI J? ! .Jj l_ j^ £o 

.JL^ 

Ji 3y J J^ A d. x ->} ^ X ^4^- ->■> E dL -Y'o 

.J—i'I^j j 7j^ >li ^<j;I *La !^ <^y&LL? o-ajUa L oUi? o-U 

:-L5"jb F »- r —^^ (jr=^* ^ 'Hx J J ^ ji-3 iSbo^-j* jl 

< ?"^zx,av/‘f”*"z\,av (v) 4 ^ z^ > av/ 6 P^"z^ ) av (v) 4 -^ y\/^^"y\ (^0 

ji 4 y °e~ Jofs **a x V[m (z<^°) 2 -j—^ -r^ 

I ^ .-L ^ ” o Ji js Jj.1^ Aj ijr Ja Ux^ <^loiU 

u :i 2 = — Ym U jff(/) (v) — Ym U £(/) 

.-LlS^|-\^> Ij (^ib ls^( 1 T J ) 

.Ll-^l 6-L^ <>- b bb jl 4_> V Jl-sfl? I jl {Jf JJJ (jib _Y' Y 

<iJL_i^iSCi Ij -liL) (S Iojjv^ Aj jjUt» Aj V ji ti J^- j$ 1 

«iJL-J C0iO-L j l_J jj y^Ji jl J^Ji Ju>- 4-Li 1- i C-JjltfJ -Av= Ji \ I 

(jd I J* U* t yS^CA C!a>-1 j-Ssj ^J 2 —^ ^3-^ 

. JLib 

ji j ^ j-;^ j-i t><[ 2 <^Y Ji J \ y.^y. z ° Ji e R JlJS* -YT 

tstji b Tjin •^'i LS ‘- : l 5 l;i» jj- i ^ly aJT .oil f z ^> y 

..Li' IXi 2 = o (i-j) J z— Y (tJ !) •■-» ‘fY^okHz (cr"^J—’) “^1“; 

?O^I £.e -; .-l' 2 <^ O 4-»-U Ji (l_)) 

^TL- £ y ii—-J .o*“l jS — o jo ^ 7T rad/m J7] = Y^°fi‘z<C OJi -Y'Y 

Jw-J J J I 0*0 Aj iS^yS 1 lT^ ^ j‘a£j ^2wi ^ y> (S I jd A*>- Ij 1 Ji IJ 

\>dU 0 lL l 2 z:o Ji (<—>) J 7 )-fo ofi t 2 j> ° J-5 (ui5l) :AS^ ^Jjj^> ji 






JS tj —^ & 5>»^ l —* \j 7]j n (>—>) .^-*>1—j Alili j\jS (£$ l—A 

.Jj; JjT C^-OAj ^ — - \ O O I Y W. 

I-; z > Ji ejj r J o •< z <C ^ ^ £j?x ‘ z <C 0 Ji e R\ -V& 

3 1 / ( c r' , ^)" L * 1 *^ l -* C^~* O*^ 1 • a;, <-A-’j" CR^CRr 

3 (H j\ 4>- l$ 1 1 j :Ai b 2 — ° Jj- 4 j* j.*P JA; \ 4^>-L t 

JS A_^(_$j4 j Y' 4-^-Ij ji £7 JA Js\ (<-^) *Xa^j>zi Sj>~3 ^>15^0*1 £ R 

^L>=jI l^Ij j\j S3> j>- e R j d jl iS a>- Jj b ijb j)j5 z — d 

^SS 

3 <-b ^J ^/6 (SSja.C' Y '^ > =' a A> \ j| I^la**.* ^7 ^ ^1 jj -Y 1 ^ 

• — \ < r< \ 3 c^\ fjLA*- r (<jI) :aT a*** j b/ J,^7 UlJ ^ **>■ L* js j& 

k 17s/'Hx ^ lj ^ -> la ^ v -^j-h \ 2.^/1 c^~> (^) 

-e*-! tj v /tt| x 

I 4a1s 3^ Jjls 4 j ^ j »b l**ij L> I JS ^ t'Jim,* £j* -rv 

1 ob>l 3s *—>UIj^ SiU tlh j\ 

J_i j £ <L*b aS^ oJ,aIw> c XJ^ < j^5‘o^ 

l£jaLI? o^jl^ (vJaJI) .c^l \ Y cm aJL?U j ^ ) 

AiV (ji J aT i e-bfc b/> — 1 ^ ?c—I jJi>- 6^U ^ 1 I s (^ 1 I ^ 

fJl K 3 e R Ycm y\Ji ^^Cu‘1 ^ut-pl A^lfl^U jl 

• J~**5** l”Ajj I 

ji y° ° o o V/m A^b Lj i ja js y oMHz 1 y^i ^^ ^ jz i .y'a 

aiJLj 5l«b J—j b JjJs> a_j rr ^jY^ J £^ = Y-^Y b ^ 

oTj.ATb^JI^U 3 \j* js lj (j^i jTl*) 

.Jj Jjl C--^2i 4i CU-^I _)5"U) <j1jl* ^>1 

:R.A.Tell 

Broadcast Radiation: How Safe Is Safe? IEEE Spe¬ 
ctrum, vol. 9, pp. 43-51, August 1672- 

Ja>- f ji jl j—J l^>- (J3i jlJlL, 4^1^* C-—jila- 8 

.a^^ ^Jai 1 j \ o o v/m 

ji jl sib <i.;-j‘ G.C. Southworth A < l *^ -'f° 

j 1 j*£" i(_ 51 aaJ I 44 jl 

Principles and Applications of Waveguide Transmi- 


ftf 


ssion, Bell System Tech. Journal, vol. 29, No, 3, pp. 
295-342, July 1950 

jL»j Ij jJ !->-• ■SJjlj ji Ajijlf 
^wU5 ”^ ji jj) IS»- jl4 j Ij J\ijt (j'l jl IjI 



yr 


^—j 1^— * l>s^ l—£ ^SLy^Ci I (^j1 OiL*^y {£\ j* (JLl I b^h>- 

^■^Ld Ji2l/! b>- .Jo*ji ji oJi1 ij^,* ^SLi 4biL* A/ a\zsS dl ji ^LgJtSL**^ 
L—j y* I J aJil-j j3 db d--^l c ^.4 jb J ^jdJ *^^(_5 , ° (J^j (5jt 4 j !j ^*JU 

I —L?y J^ J* j'Z' j A dl l ji J j L*>- dl (_$lA**uiA 4iaf> L~ J ^ jiAtJ* L**^aJ 0*«4»u*d 

^ y ;/| tlXj L, jT jl J^ J;^ aU>1_9 a_> ^y olsbwl til j (dL_jy5 J!jjjJ) 

a J15 "lL-o jiiJ (jjL^jiJJJ L5^ * Jf—*j*^l Oj 9^°1^SUI‘(5 dl l c Jj j£3 j jvj jL' 
Jj jj^.* jl5 ^a* (Jl)& I J3^L>- j) ^ji«-U>- ij*i* ijl^ ^j.11 j‘) .jdb aJ jl 

.ili pJfcl j>- jljS 4*j LLa» ij^ ^jS ^Ji Ji I J 1 ^1 J^- L J 

^y A 3 o>-i j&i <J b/ I b>- ^yj 4 j llj aS"" j j \3J Jj l 1 JXj 1 L) 

^ c£lj — t J>*s ji A ^ ^tJ>SA —5"Jo pj*\j>- ojli $j>-j c-jj-l y^i £tb~u« 

b ijj \jys-y-^ 4«j j C.J a_> a 5"J^i^y* o5Jl L At J&A) c^>*!_ ySCj ^b**^ 

^b*^ c£lj-; OlJ^ 4 £-ijjo *1*0-^ c^~oA/ c^>-lji5si (jUlil b>- c£ly tj 

^«*bL^jy^SvJ t 4 j-® c-^ I y&i J^i>* 1 bi j c^l_y5C 

A>tiv^ Ji Ji jA L> jlil/l lI^p- y w ji H 3 E Oj>- Jbjj.^,4 X (TEM) 
S& 3 j+» TEM j*\ b i j j- 4 ys ji aS' c-^1 cJIp £t-j li>’ il j aj III . Jo I U 

ts'bj^ ^ jbJj 45"C-^l dj^*- a J-j J JL^I b_^k>- Ji t^5li ^jb ji -p-ijL 

J lg.j ! jk>- J ^a—j j—»^a l^j I < j IJ oVib A—5" JJlT b5" Igl j J i j> 1 dflj yj 

pJ.5^^ 4 Uj t L^>' I l_-w>-j—> lj t^ijjj (5—b c—*jlb j jj^lSb* 1 j j till*! < j) 


1. Shift Register 


Transverse electromagnetic .r 


L) jbui a jsa\ f<r<? 


I jp- ja Ij 0\jJ 2^>- fJ^jJ ^ iSs>- lr>- Aj 4 bn^o 1 -t s 

p^cr* 4 — 1 ^ j (J;-^" * yj h y |*<- 

(jil 31 (3Ua»’l J jjol^a/1 Jj L«* jja- cSljJ jl jl J 

>a^5**da I olj^ ^ k... a 


JU*JI i*> oV^bu \*\T 

Ol Ji J 0^1 j'Si Jl&l J2 >- OJ _ ob J>- J 3W J *5^) J SJaU* 1j& I 

f l^'l ^ L-J ol j J ^ lj jlS^j I oJjT jt^Al j>- C~~0 4j JLLil, 

c£3y» -kI1—? U oVaU,* aSo ) j! o**oL* JIj dli .ab 

b ol— ij>- 3 3^3 ijf J->- _/bj J A (O^ 3 j* 2 *** Jib* I Ja>- 

jLSC I j XKM ^ 61^^-* p-ojl c**o a> Ij *—> I 

jlJ —* 4 jJ*i fcib Ja>- ^Lwl^ao Jj— k t£lj—> ^y>J& 32 (£\ J 

oV^lw ^ o^* 3 ^y^c^jl-U ibU-ja 3 

^1 I— 1 Ij jl*X* 4j^k> 4-X* I C -*^0 4> StaUiA I^j I j\ A^iJdls (J-^3 ^**)L*| 

‘f^CS* cM ->* >-> -’^ui 1 J J>33 

iS ^C~*jU* J 4^31 y CjU J C^ijk J &liil 2 y>- J»Li u {Jj\Jv> Jj.a 

j*A JlflX/ I k>- ^4*>ti J jk^> 4—4 .5j «_j Ja>- 31 y? ^ J-k 4j kjj ^>a 

(/x o n c^Jj II L-j c~^l Lp c?l jb a<T fijS^ jk; l j (Sj j>u* 

*ijs^ c^bb ^j>- jb*>- 3 j_^k”b lS b . (j c-41«A_& \^j jS 3 E j>y> 3 

jl o^Lal-v) L_j ! j j€ ^3^ J-«bd j£) # *A/I(j^ ^jy OjIJLb> 

bC3L3G3R Ji^l^ I I 4 j J.9 J J^$ 3 * igj l^J y J 

f\3* 3 J3j* 0 3^ IjJ <yj 4 ^ Ji <Jjk Jl>1j 

o jS^ i^-aI ^ Ij ^3V oU^Akl ijal: p*^ J lc» I Ja>- 

Jj>k 4_J c^l<ukl JjI^ b .Xib ^ C-4?- Ji jUl»‘l ^ ijZf fijlji 

Ja>* 31 4*kl -^ 3 $ (J^ J& A — ; l? I-L_>- 4 \ . \ Y J5li Jj Ika 4 lj Az 

^t 0 ^—>■ .c ^>1 CAz J GAz 4 JbAz C^L^I J Z?Az C-^jlax 

L^_jbt4 C.4 ^. .! t 4> lj (_^ £.|j_>.| cJu^j^ jk/ 4> jL^ji u_3jk Ji ->l Ja>- JI A^iai 

l_^—*(^5 "* 4,—> *—Ij I Ojlil# S 1Ij ^3S" 

jly 6 I J5 J,i I j 0^3 eJa^a/ J oJ-U 

jb ^ bi> I If VU- oJ>- 

'kb>tjs oU5"L^ljf jl J> 4>-y 23j* Ij JiCi ^***^**4 U3 ^1 j~?> cJ l>- 

b" k-Ji F jUJ 3 -i jT ^1 jlT Aj IJ Ji J^zi cjU^p jUa 












Aj yS A/ s J** c-^ Aj Ij ^2 j? ! 

iJv-jS .ijfjla/ Oj^» oI_*j^ C-*<*W b jls 


0) 


^ S b 4_alU jt !j <^>^7 jlai4 i^j.5 Aj(_£l—filial I—J 

‘ftJj I ^ ^-*0 At b ^ §Lj b j oJuL* 

A/ s . / 

A J=-(G + jo>C)V s 




(V) 


b l b 4&j ! (j[>- At cc-sj jj ^j^a$^1 jt 

^ — 1 1 <z^»^2 a,i c-*>-b^j ^Jau*^ ‘Q_y* ^ Jjh* <J^—5** U oV^U^ ji aS^^L^ \jj lj 

^ ^ J ^ WT J4 «-*Mj R s = tf yS d y jE s = E m . a x 4-> 

i4.Ut lj J3 ^I-*A 2 £-J Ij" 

VX^= ~j^H s 

^ Aj <ki lj ctlj sib jlji 

r ^ 


r dv 1 

^2 — "~ jvpH,,. \_~dz = —( RJr J^E)I s <■( \) jl J 

S< V J J ^ ,C-w*i aJu£ <jlij 4«.j ljU (_£\j> yj (0 ^Ui ^ ^ 


V X /f s — (<r + joie)E s 




dH,, , r di, ~\ 

— -(P + joe)E„ \-jy=—(G + juCy t ‘(YplJ 

{H„s 3 I s ) a? A-J Uj Aj | aL ) | J Jjjj 4^J tia L 

di_i (j-aj^w jJI ji •(►ijfts* u ' (E xS j V s ) J (e J C) j (o J G) j 







JUsil 


(\ji 1 JJ ^L_j IjJ . Jl_j I C^O 4_ i ^5\jJ 4_! JC l^J 1 4 j L *J 5l*>» 

(£ jS $ j) J_11 J*>-1 3 t_ -*«>jj L* J&) j\? Ui* oL^Tj^>* 4 . 0^1 aJjLw o>5^- 

45^ ^5"^ 4ls>“!>U h]JU>« JJ_£/» JJ Ij 4 j lldi 1 ^I 

CU*0 4_j jJ p, J £j ^5^1 4j l>!La ji«lj^ 3 C~**! L3jl*3 4; LiJ jJ I JJ 

tjl-fiXTl Ja>- 4 S^U/4 o J>“ J ^ J-J* c£4Z& 4—j l>*o I JJ ^ 5 I ^3 

l R (^*1 4 Ja>- <Jjjj JLa»-ij LJv*jliS» 4.; twa lS _yii»ljlj *C-*^1 o!^ aJ jU* j| j ) Jww^j 
o**j i j^j'IjL' ^Ssj 3 |*r^*Ls*j£*jljk ^*1 44>-jS*jj!J j Jj>-J 

ijl i J 3 jt^ b t_jW2U 0-^1 J^4f ^ J 40-^1 y jl *X* Aj ^ls/ jj (j 1 J*>» 4 j ^IfiJ A*f 

)S> Ji*iri-L_>- J_>- L Jj!j ij (_£iU 1J J 

.j ]> i y^*> cJ^L—3 J_;>- l£j^—* Jail jZ> (£\j* «_->! j>- <3Ua*i j <_£jta ^yL\^ 

J— a t***j oJ I— >■ jJ t j 3 >-\ j J^ £ jJ^s JJ Ij O ^—tyr 

j j JLUl 4 j (((J^ 3 ji Jh) ol 1 j VIj 

cJLvi 0-i>- <jI*Aa^ a[sj\j ji <0 c5l4l*>- Uj .pj !ojt-il Ja.^ *—>1 j>- 

R jUi« (jl y ^e,* 4 ] Ly,^j Jji I J>-1? J C~^l <3 L*^ ijjW 

R+ jU)L ; f j jco/x ^^ 4 . J <^ 1 ^ *^j^T 4 j !j 

•V s " t - pi; - j * ; 

.x.-USLi^ j/ 4 >- *•* J J F 5 Jai jl jj— 11 Jaj| j£i 

SJ^lx4 j>- O |«Ja Ij tlj {£j\*\a JJ J 5 ?" j*J>lL>i^ ^ 

jf A*J uXj I CL-^J Aj J 1 ^ JJ 45^(jl 


E^ = E m e 


-Y" 


o^j 4 j I j jbl j 

F s = F o e“ Y " (r) 


F j) <^>- 1 V 

o / o 

^.—^ J—J 1 


z = 0 JJ <J 1 j J-j- 2 ^4rT J* A ~^ 

-J t—J .(ij/ — o J l — o 3 Z—° JJ K — K o 


tolj. 




-Wi-XJ:-* J 'J,-- LlJ dU jl JdI , OkS Jjl J J>0 iS 1 

jlj-a 1 j$ 3^* J Ij l 5 *J s I 45 "(^j_j.L4j jy[ “ p,^-f—j'jUL^ 

■jR ^ c*->l 4 i Li-a ^jLL^ ^ -^1 ojjl <—>l*4d>- 4 j 




Y — l/ 7 «ju(a 4- /we) 


C-O J V. 


l=ll(R+juiL)(G+juC) 


(f) 


a 5"^Ai£>-t>U j jR — (j ~ o CjUIj ,U>- ijjl jj O JUki y> 


y=jp=j<*fac 






L?'- ' S 


I ,J J 


( 6 ) 


«JtfUi-4 <ji -X^i O-i-i aIsj ) j jl 


tf, s =—<T 7 ‘ 



^~i=r ja 1_?■“ aS' ^.Lj u -> 


(*) 


Z I Ju*I) l£j-*U» 4 j 0*;> Ji jL." jhij ^7 l» 

1^*1 -C-— 1 'n {_jj^ (jjrf*! I JL« I) 4; li.» a£",5 J a 


7J : 


V /«M 

1 0 + /coe 







fY^ JUtfl 






-i 


R + ju>L 
(] -j- jcoC 


(V) 


Y 4^5- Ij 1_»j (j l Li J—>• 4 > \ 4^-L-j Ji c^^-l ^J,^ ^13 J 

* J 1- r ^^**1 <_ 4S*"o^i U ^ jl ^Jj^>-^ 

L i ~ -. »»» I 


r= 



JhrzJIi 

% + *l\ 


t) {_£—k C-^jLk l_j ^Ja>- Ja**» _4J AS"*o-^ L jbi J jl iSj+£ 
jl c— oLp Z oV t 


_F Z T -Z, 

^o + Z o'r + Z „\ 


(A) 


-f b)^—^ l$ a ! J U»> ^^kyo ( j-** 1 >v«j 1 i—o j*£> I 


■>jjT 


'+iri 
J - \ —in 


<o 


2 = — / .» H ys d ; £„ ^-:*“ j li V — V\ 1 ^ ^> 0 J 4 (i a " J a 'i 

_) I ’jU 

_ V<( + JV\ tan /V 

11111 _ %\+/)7r tan ft/ 

Ij^l J (S jAlk C^jt2/* £jA ji ^i J 


z „r +7 Z o\ tan ft^ 
' Z o\ +7 Z ox tan ft* 


0 0 









- *k Liu Jj*S2 | f yf 


Z o — Z <- z ° z~ —l I s 4j V s jl o*J jLs- 

ijl f (^/Ic^i) c5^all=> c-^jU- 4.J 2 = o J: !j JU:;I -k^c 

e Jj\*S~CX jl-U j ^p''- ck c-**> I (_£^ifcLk cu^jlAa ^>1 

^jj-ij I*-L-« i ^ —U C-~«jlkA .JI^Ij ^a!" <J lij I Js^ C-i_ft2j Ij 

C-^b b OjA j d Ij 2— — / (_£<> 3J3 


Z\n — Z 


Z £ + jZ r tan /?/ 
Z o + yZ £ tan fil 


\jRjLjGjR —i j° ’I j~i -\y^i ! 

^a 1 ^>- 6^U^1 Jli:;l is^k>- L L^l <jljf <3js Ja^ljj jl 

^.>‘ 

Jl='/f f-iH/m j R— \ Q/m bi J^’l ^ <Ai< tS l -A_,i»bLj 

‘co= Y x ', ° A rad/s J^e $!jj C= ^ o o pF/m j G~ \ mg/in 
oVjI_*» jl b Z s (<Aj) J A ('^■) J £7 (^) j j8 (^->) J a (b«—! I) :-lZ7^-^j 

.j.:f y*. \ \ jiw 

: 4; I _?*- 

6o + j°JY£s & i pjya m ‘Y x \ o A m/s ‘\ rad/m ‘ojora Np/m 


jlaxif Ja2>- csUti 

ol Ul^i Jj>- gi C^JJ I O j ^.Ll l£jjI £-**>■ ^ jf jl 

Jl&l k jk^ S.}L» £jyl (£\ji UCjL-GJjR 2 U* 45v-jI U 
J;lS'(5l J _. tlj fOV Jajljj jl dJ ^lcS^*(Jl>ej Ij Ij aiC’Ij 

•j*— ij^ c—Ji Y ■ \ Y J^) 6 >■ J> n Ij t£jj2*fi pA 

jl cc^*j jLp Ll>u^2> Aj <j I ^ Ji aS^ J jk C>-1J 0-9 ^Js» 


L= I#) 1 

^1^^9^ (^IaC^L-j CjL 0*^1 4I9J jl^Aj JbCd/a 











t fYf 


Ji lj l^JiLfc ^-U^-li jl^ <jl 4 ***j U>v» Ji jJj tS^^jOjOVsL Uii I i^p^- <_ *i 

JS U_J»- Vi-'l J— ^.j —0 jl (j-!J>- '-riji‘ o-i ( (Ji 

Jkb |*-5~ J<£a* I <3*^ < J^*a* jL-.^ (£IaJL*L-j 

^UpI JiLJ J^b JUJl l t*--/ s ^ <3“ ^j— f ^ J c-^ I Ji ^ ^ 

* Z*ext C = (L£ *£^ry -c^l 

lj *Ui t|*»J^1i1 JjIj 4& L>- lj t^ik* 4$^ I f£\y t^SvO jl 

i^l —fc-UL**j Ji <j^La*>*1 ^?UJl $y>~ (S^j-l <jkj IjJ 4j 

i^ipMi 12JI i y>- \^jj>y 0 tkZ-*—* 1 c-*>-1jk j >■ £i j y ^Cf^\ L 5 ^ ((-^^4^* 

ji o-j jLp tc^l oJL* oib ^ J^a3 Ji 4^ 


A,,int — ^ H/m 


Jliul Js^lsai (£\ji Jj c~-*l JLi* £>l y Jtil>l I5jj) tjUJuLjji 4 sj I _> 

j^jU AZ^y J^b JUJ! ijr- k- *> m J^ O--^ ^ J (3^U^ VI—* 

^1 j 1 *d-**>l d-A-i< <;**tt^>- ^ 4.J Lu/« ji jlT^J S-LoP c-*am**3 j o—^! c^jTdJ.^^ *11^*» 

3 b ^ j^-*l jf ji *JLi o^>b <_£jy I 4_Sbj-i^ 4>^;j aJL-* 

ji C^wJJ l*P c«X<£tj sJJ-3-ljI^ Ot Ji ub^>* £>J y ^** C (^T^ 


W H = 


F / * L * ^ 

X_^ ) (c -rb + c ,_ 


\f"l T(c X — b'') 


F ln V 


jr* J. ^J*) —aJ^>L*.j Ji ^l>"[i ^jUJ( $j>- k-^J t£l jjJ I jJ Lj 


’ int "A vr(J-b^)( C "~ rb " + \ 




-) (4) 


>0-)-/ jl ^ ^ ^ v—(jj* ^ ^l 5^4***<* j®) t,^I aJ u«L**i ji 

JiT^ C^^i A* (6) J 

■Llovv — 




c v — 6 Y 


In 




f V6 Jlfcil 


Ui^l 


jl—> y>- jt£l jb 4— (S-)J**-* |»-fe (^L^oLft 4—j 1 —t 1 j ^ Aa.i IJ jl Ui 

* ^/S**3'X>*a ^jIJj ^j>*j L^j t jjj 15 ^i*»jij ^;l j Aj' I o^>- i 

k^/0L>uj (_Jl an ^' . ^u* bJ 1 t..^o^ 1 *^ ) fcX**l**J Ij 

j_**ft (^>-ta jUii ij>- jl 4—5"p.jjkj Ij C^!4 j L» ( 0 r- J *^j-*) 

4—^ ls* <jr*j? "~ L ^' s i>s' i (Ji^ 1 * 4 *^ b <J - ^"(_s' f bl 1 ^ _*>■ ^tj v? jl * j 2 ? 

<j\-{j>- ^ I jjs j .A-ib ^-Wj) L£iU> # ^3l ij}^ 8 ^c**^Ji <3^ 

J C-*~^> 1 <2 ^ Ca(> Ji j l i J>- • i j\ j—A1 y>- (S$ I ft (^y 2 ^ -P {J 2 j b* -k 

i Llj 

^U C^jIwXa i^j $ oT °£ l J s — or c E s 
J C-**^l L^^l* 


Oj^- j ftl j>- a z ^4rr -> J >3 i£^—* J* E s Xk\ y ^A^ 

^ 3 ~ tJ> ji ^Auj^Ui-* jM*'* .1. 


H Ts = 


Yra 


^*V*I) j! jJjP AjJ jl J*^ A L^lft 4 j J5^ a C-^aJ <Jl>* 

1 j 1>*Jj! 4—>- J> j~*i C-^I^Svi JT J A iS^ji L5iU> ^.Sf* ^1^ 

o\ j*uf J 0-^1 jl J^T J* lJ* ^ f 9 — 5j+* I j^*a 1 

&.\ \ jl ^>jj^ yj ji Y 'ira o^j* ^ <J^*^ Ij ^j^ ; _r* <j^ 

jvijb 



'+j' 

H? s 

r = a 0 c 8 


E„ 

\+j\ 

Is 

r~a \7TadO i 


*A{ Ij 1 t'^-^ J l ^JJft jtj '^-^rT «^5^1j Ji jWj l5j l*u^ jE’ 25 jj^ 

^AJ tJLilj JjL» J?-lj Ji (_$^.fti I.U d**jba i^jlw* 


^ J? + y w ^int Yirafia,."^^ \iraS(J c 

l£1 t_A ^>~ O c <^-jl<Aft i -i _yJ? ^— i Oj>- — l -Xj Ij fj lil 1 3 j>- jaJ> ^jI 

c^l^J 4l*i l3 4>-^a7 - [*Ji$ j*^A.*j (£{%+>- J g-*J 4j 4 j ^j!,i 







13J j ^ j>- U-O jJ? J ,Cu«! C-^H* 

'jl 7 ^Lp V4 ^j A b 

<i ti8 

£ - '” ,= 7rf^=™ < s ^‘ , > < v > 

w »ol*- cS^la tSljj J 

\ uS 

Li °' int = ^a8^ = ^rb ( 8 < c ~ b ) M 


(*) 


J^-l J J3 O^jU- 4 j! «jl j L?j9 CU«lia* Ij jf 

^ JJ i d***0 4 j t-LiU 4j^>b $ ijr** 0 ^\j^ ^ & \ ji tlj (J JJZ> 


(So) 


l! j,—b ji C^*j l*Xfc I j ^^->VsL sI^^Vjlb Oj—>- *0^1 ^IsLNi C-»-a3\Lft <il i J 

(3j—9 c^ajlii 4j jSo^ (_£14.U>* te\J>\ ^S”Ij 4$*iS^JS O Hj .^l;^ 

.JJ>v« pJfc iT^ljl 1 jl Ij l?l.a>- Jlij 1 Ja>- j\ j\ C-*JJLc- 

<jl J p_jJoijS'"jsP (^ir A*>-U jl J U>CJ l—T 

L-** j)j ^g_J_j 0^1 {^lojlJk/l U ^ii >>jj jJi I 01 a_S^ o *—j I Ajjs-U 

C** jLL* Ja IJ J J <X^ 0*^-j £_j ij? jl O^i j>* £-£ C^»i liU U 

£->- j* ^ 1*_*-> j-* .J/jb oj <^>-1* (3*15! I ^j>- '-r*ijvs> j 

(jtjlaJLoI a**j j 3 hA^jjb <^J.>- j$* iU j I aT 3 © 3(3 cio j j>v^ 

J®) _aX«Lj J3 J^T JJ— > (£ l^j ^ I_a {£\jl -? V^I 

. 5 jJj jJiU^» ^ji! Jl Js>U < 1 ) 1 ^ <J!il;l 


\ / \ \ \ 


Y ‘7T&o c \ a b / 

(8<^a, 8<^c — b) 


u. f i 8 / s ) \"1 


^-Y.L ln « + Y \ a + b)\ 

(8<g.a,8<^c — b) 


1. Bessel 





fYV 


j d (1)1 a 4«—»Y* ^ Y J&»l J^>- sjy J$ 

ju, ijii cJj li l; j$ d y A ! £y *L&\& *j 3 c —*1 o c ^‘T 0^3 c*i I^Xa 

yj aIsj Ij jl C-*^ J* |fri^i*5 A^o'U>- JJ jb j\y 0 ojji J Cj IdA J £ 3 

•Aj I i y C*^Q Aj 


fl-e 

cosh - '(rf/Ya) 


00 


b 


. Wfi 

C ln(^/«) 


(a<d) 


3 1 C1^"*j „,) j Ip* U) I J j-J? 


JLi 

Lext — ~ COsh 



00 


L 


H d 

Lext = — In — (a < d) 

7T a 


Ij jJ I^J Vij Ji JS^^jUJl ■*_}>■ Vi y* ^ Ji 



00 


L o-*l o l J Jb ji j 



00 


HJjT 0--0 4> CL~k 4 jls> jl (jl y ^ IJ jl C^jJJA ajtf Ji J 









^uiojsai fYA 


('*) 


IJ uj Y• \ Y cJUXi I h>- Lj iAj>zk^p (£j \ja ^ lio 1 Ja>- jZ l 

d jl (^L^oLa J O c oi <jp jOZ*iA C-*i I ^ 45^> J* 3 -' J* 

<£\j—l 1J jlx» <^U^>ljli 61 y lj* o J fl J € V * ui! Ji ^ <-^— & jb J 

1 j b^>d b 4 S - "iy o^l ^jV l>i^l jj> ojjl c^-o cJj-g-^ *j b 

**r-y jj . s v„jb ji lj y j\ b ^j* 


(\9 


(w) 


d 

Lex t — ft 



7T0 


cosh ^(d/xa) 



Oa) 


/_?§<§£ t&'iSJ jb *i Xib i Jj y I 4^ ^lOj^ xjpy bjtljl 

4 c l^ob jl J& 


0*0 




(Yo) 


r.\r ^js 

Jsjl db j& (_£i ji 1J qs2>*JLa ^^*jl <_£jbil» 1 'Z*£'j-* 

Jti&i a l5C*o (cjJl) iXllT j-i j (jVl—j - (^;IT ^9^ J^L*# otilj <JUl/l 











(v) \ ‘£ r — yjY£ 4 £>= Y mm °j£ mmU jj>^ ^ 

e R z=z y jy A 4 <sf= \ Y mm 4 < 2 — oja mm ^ *wj:> Jlfri 

id = oj\ mm l b = Y mm°^^ JUfc/l «l£uo (^) ./jl r = \ 

■ Y A 4 £*= fJY& 

• rVJY 4 Y->Y X \o Y i YAY ‘YXU a 4 A TOY fi 4 Y X \o A m/s :l#l>>- 

Mr #.>■ 

4 Y mm 4 a — o ja mm 3* aaoU jj 5 ^* p—* Jj l_S"<it-j 
0 = \o” Y y/m3= \ 4 6 fl = Y->y& 4 a c — y x \o Y jj/m t c-YJtom 
J itotai (^’) ^ «\r -2 * ^ MHz ( c r ; ^y) J <y^ j-^ 1 

.1 J*j jj Q j /? (^) 

0-3Y0Y fJty/m 4 °j\ \ ya Q/m 4 YfY nH/m =Uf 

Jliu3l i?4* jA JUjo lX^> f^ X 

X>- ijj* Ji p£iJjl C~*0 Ai JJ Ji aS^Ij b' jl jj J-i 

4_j 1 j A>-jj J15**C-J j£->j tJ \ j* **j—l p;* 1 j>~ J 1^4j J Lij I Jsjia>- JU L*/« 

o^S’*"j>- ioliij JsjL>- 

j*j pi-* jl^ 4 b (Z o rr Y ' 0 0 £2) (j-^l Y ° ° Ja>- db JJJjI ji 

f* \ Y j'a* -p—i ^C5 4 ->* 4 FM t'XjS L-i ji^’ Sa;^j ja*T 

j j. —1? ^1 ^ ^^5sJ j—oj j O'**' t y m 3a>- j__j I <J j—Is .c-m^I ada oi oLL) 

\—> lj S*>- jj! .o*-l Ya^ x ^ o A m/s • Ja__^ j Li:;! ^ c^1 

(J j J _d ^ 1 * oT J* j r 00 l—i tjUa;^ 

1 .jl^I —i ^00 MHz ^ (u - ^*^y) j f o V jl* ^ 

^-!Lj Jj 1 ^ 4j o I Ji J 4 P Ji <& iJjti J jt ji 1 J* \ o* ZJ-Xp- Ji Jj 1 jUj 

j ail-^ Lgj I L# C}2>jf C—^1 iS ^ Oa* 1 Q. 4j (.I^pL Jj 1 ^ J 
I^j 1 ^* J \ o^ 4 j Ij IajU j j I^j Ij j>- j! jj ^ J<£\j. *c-^1 

OjS*" ^J b \ o^° 4j IJ 

(kLi*+jt tJf jfc Us O-* 4 J IJ* $ I*** j L I1 ^ (JjA Us U* 

Jw_s-lj jS" U J7 J* J jj^lSvu I i^jj^ .C-M*>l !a>- Jj 1 

jl —9 *—-j j*J j yjz^ m l£jU~* Ja>- ji <-lj^ j^« a*L*j j l^i^ .^**<1 



Li*jI 





f o a fj 

^in) 

^Ub 


3 <x £~^AJ ib« 1 ^_5*"1 O-*- 5 1 ^Ja-^6 v_3^^ aT^S Lilj I JsP- IT• ^ 

J li Aj IjoS^oVo 




ts_jL.^ jS/ Jasi I J_jJa .o-^i j«vs tju^j j rad/m 

°->A L_i YAA° A-; o'y^ U Jjl? <jd -c—>I \_>f77 rad li Y x «jAtt 

>sj$ ob j? ^<J_^ 

o-^l ^ o O iS3 J‘ 2 >' l5 l>-^ 1 JS ( , < j-w.J‘I (_£j fell? Cv^jli-a 

C-~*/<jt ^oo Q j+1 Cy*^ ( cr w,) ^0 ^ J —^ ^ ^ C-^^ f3y^ 3 

<jl_^ ^ j*^zl 3 O-o'l jIj ^ -0-^1 fo V^foV L-JL-jii Sa.>- (3sjjj 

j2* -A J^-S 3 ijf-J —> ^j >-3 (^f 1 ^ 3 ^ISCaj 1 j {j* '^ a >~ Aj 1J i 3^~3 A 

tji\jit* ojb 3U ^>-1; w^^rad ojIj^i 4j c^l v'o V 

^in = ^o COS Y*^ ° A / V 

4-$"(jf ->3*0 3S 

V L =?o cos (Y77 \ o A t— \3?7r) V 

jl o-JjLp (JS3J3 o^i jr 

/in = 7T^ = °3\ COS Y'7T\ ° A / A 

f oo 

Ij C~~jjLa jb 6^i^ JS 

I L =°J\ COS (Y7M o a / — ^ Jf-77) A 


1 jli O -k^- jl g33* JJilU <j1 jl (33 b.* la>- Aj *_*!« jl oJLi Ja-ujl* <jt j* 








p in =p l - s / r x r° x <o\ = wa W 

cs4:/l o co*»l foo jT tSJjjj »J.j j; SJU- 

j>U» cj jjjil j- -? Jjl j J iJ*5“ 

j I j Ls ^ lx.*/1 u->£ j<J> j c—^ I \ ^ o j V 


r= 


^ j o — V°° 


r 


lio + foo 

L c-*“l j! \y_ ia>- Ji ^jS^L* cJ 

A±Vr_, 

'-'/v 

A^lj ICw^J Y* o o 12 CjJ^ftll? 


£ = 


Z L + y’Z o tanjS/ \&° + ./Y°° tan YA,\° 

Z m — -Z 0 ^ _j_ j2 L tan fil~ ^ ° r°° + j\ a° tan YAA° 

= m° y — rr- >A°-f^^ — jr 0 ? S2 

I A_^* A J-3 ^la/ jl »O^I <_£^-ftUs C—«j1^ A$** 

4^-J^LjU jlJL* L; A*mj lax ji o ^5vji^S3l <1)1 J*a 1j (^3 j J "l Axkii 

l* *_*U jl A^^jL^- (ji \ j! ^ .<XS* ij* 6 


/ *.* n = -^rzrj^^ =OJoV ^Z^° A 

jl Oo-J jL^ Ja>- Aj £-J> s , Xi ji_J J 

/> in = N / x x (°j°vaf) v x fff-= ^rrr W 

JjO jIj A_# \ JY'Y'T W i^ liij jj.^- 

^ Ij Aj p^wvtM^ I ^j A,.—S***I \ _) j o ~\f\[ 1 j*./)*) ^ I 1 a5"mAmS*'*A i>-^j , 

J id*A_>J.S j j*j c£jl~4 A_j iAj l—» jl jj Ji! Aj ^ y>ni 

(£ ^—AiUsi C-vftJ^ j J —^ .JJ&* C-3 1—W d*A> jf j _ 61 (jt^j _ i ^ 

^ U**j 1_) o*-^—^ ^ -9 td^* j 1 Y* o o j—ft c?^* ^ ^ (c^r**"* 1 ^ 


^ui^jsoi fAr 


i J J Aj <j1 jj 


l 'V s>L \=\oV 

V'o V* aSvj i Jl>- 

Li J djL (Jl <-U>- c~^ J A*J l>- IJ J It® I A^Jj 1 j! J^3 

l^/i j!*Aa4 j U*5" LajWj 3 (jtj&-)j* l£JJ 

tajb 3U 3Wj U YAA° S31 jlv I aj j^A jh jl:Jj Lt ?c^i jJi>- 

j-o o^j>- <_£l j> c L j b! j o Jf1 ^vj I Aj j> 1 VUi>*l 

*J ^or^" 

^i j>- o>-f^S^j ^Ja«w 4 ja I4JIJ-* ^yj o Ji 

c-*-o a_> JI£j I ji 0 fjV oU^Ak! p/l jm ^ Aj Ijl; jLzpI 4j a^*:/ j,s 

.XS'*^ 1j jli) j a^ai i>U> y. ^ ^ (v) aLjIj .p>jjl 

(p 

— P2max = ~ + ^ (^ = °> ± S + r > • • *) 

^ <p = 77 J j8 rr OJA77 Ij ^ 

^max= — °j£YA -* — WAVA m (« = o , — \ ) 

^C-^I ^y3,>t.tiA y. ^ \ ^ ^ ^ aLj 1 j aJL^j 4j (p* 4, * 4 "( - g' 4 ^ aXa^S^J^LSj 

<P 77 

” P^min = “ + YlTt + “ 

at * j*. ^ 

Zmin= 0 -> — UYA m («= — \,o) 

tA^i l ,c-***l ( p-oy «iij nz O jU jUj a— dUAL l« J 

jUi J 2^ <^ Z g Jvas JT <Sj^ X J* <jj I 

(J^*ji ((^"H ^*) C^IaU^-j jUj *Am«L Zl ^> Z o 

^ya) 1—>- c-»jIa« jAlU Ct«jI a>< ji yt> ^ Aj pjol^>- jL 


ojfpv=- 


fo o 


fAf 


l> xil 4 j ( l^J ^ Uai^S" 3 . Ju^» L 

• ^ J *jb jl j3 j^jkA^u jl j-4 Jjk 

jlJ—£,* Y o V t>il t£jJ -3bJ j (^ J ’^) ^^5*"jl*Al« ^jj Lj 

3^3 .c— l*j! Y <3^ b* — A c^*4*J d)^>" <-^l> Y° V *^i ^ jbjj ozvo 

jl o-j jtp -k^ i£$333 


F„ in=/ f ,inZin = (oJ0V6?' < /^O(a \ o^/- tTJA°) 


F t ,m=rA->f-/-AV 


L 


0—1 -k>- Ji 3U J SjlJL/l 4 j L*jiL' {£$333 

vl^L-j ^ j_k .0—1 JjL ^jt^>- 4-/ Lj y; Jas^ J^k AS" ^S' ^4>y J 

ib**l 3^ j* L*) {£\ 44a^*j jb! J 2 ^{J* 3 3 *^ 3$ A$"* 33^^^ 

>* y3> 

4_>- j> ,jb _i 3 <S*333 C^UjU 3 jU 4j $Ji JajijA Jlj-n fjlJ>-\ 

.p^i'b^./ I j Ju jbJ 3 Ajjlj ^.j 1 o$jf (jr:-^ I 3 b 3 1J j i j I dijjftAlob J3? |^>- 
jt C—*Jjb^ -k>- ol^>ab 4k^* j& 3 $ jllJJ y* ^ ^ {j*** 1 -! ( \ ) *kj lJ jl 

^=(^*+r^ a )Fj | 

j5Co Aiafij j ft jUJ J <,^l**z>- jj IJ k>- jl Alai/ jL) j (j^ Akj ^ J ^ 1 (3“’^J^* ^ 

3 $ b - — —/ t^/b^-* h>- {£$333 lj jli! j jl Ji* 6^ ft#* 

oib jlj3 *k> lj 

V s ,in=(e^ l + Te~^ 1 )V+ 

tO —1 2= o jli 3U1 j U 43 _^> Ou^^Sj 0>0 4> |j f/+ J 


F,.i = 0+I>+ 


v.,l ^+r 

F s ,in ^ , + rc"^‘ 


Oi 1 y. W 





f Af 


V,'i = (y AJf/ -AM° ) 


Ai jT ji (jib Kj.x J 
)_ ^ ~ N//r - _, _ 


j 7 ,:= Y°/VY 0 “ Yo/ —YAA° 


^-.pLj oJLj 1b 1 ! £J A *.ijb <j^I y i_j|I—j <U*b 4— ^ «sJip-tA>« 

Oi>b jU <J»tA^I c, — YAA° <-£b> <- —• YY^° >■ V St i j V Si in ^ 

Ml 

jb (^<’1-1*-*!) iSj — c^aj\ 1» l \j jjjl ^ O^y* ** 

jL 4_j (Jz**yA ol y ji y 4—^1 Z^ ” —y Y ° o 0 

jl c^> jL^ ) <—< ‘lj^ Ji .ib Jj 

— /Yo o — V°° 

r=— -———= -j\ = \ 

- y foo -j- Y°° z - 

4_„5b^t-*=^*T JlJ Lj b .CL^l ^ 4*^1i <_£j lw» oJajIJjIj £7^ 4lali J 


Lj .jl-* U 5 ” 1 - 1 £>* 


^ +| ~j\ 

s= -r = co 

-7' 


-I ^ ( o ^b"Tj) ^ja j* iJsjjj l 5c-obi j 


— /Too+ .Too tan YAA° 

z »= ro °^y(- jT ..)'tantAA- = ^ 4r 


.ib ^Li j>J jl 4j i^ZLuiJ^A jl jJ 

b <sj ^o ^LSjl J CjIp^UI t oib A^bi b J^Ji* fb ls* 

(jl^j^/a jl Ima (£\jj l\j 1 Jl^* 4 (jil ^jljji 

Ui) ^jI^jj ^ j" .^b ^b=/i l^L^jj ^ ^ ^ 

. JJj 1^*1 y^ 



fAA jut* t 


f.ir 

Jl \ Y V J^ m j-*\ji 1J— A Jl £2 Jl5x>l Ja>- till J 

:-Lib £ o -[- o 12 jb j.^ 1 .C-^t ^5^17 Y £ 12 c£^ c^jU* J £ o MHz 

.^r!^ |J P L ( v ) j V SiL (v) -> K„i n H 1 ) 

. ffjr W i wjs^wj ? 0 V < ^j^\ \jr° V :^'j=r 

a 5^ U j j j 15^ j I jJLo ,p*j j b jlS^ 3j^ i)JpI b * ,11-1 tjliii'l ^Jj Ls« 4 ji 

.d-*4 ^Lo- ilJpt l aj ll* cjL1*.p jl i^_aTI^ a> i^1^/4 JjL*4 Ji>- 

Lg.j 1 j> tl*9i 4?Kl 1 (^c* b 1j ^jV J&bl-W 01 l ^jl 

.C—^f (JLSlf <_£bjbjxj jl albl-» 1 JXjsS*( j£ l4ia>-^la U 

jfl^-*/ 1aij> jl$"*4» 4*.A jj Jo l J 4^ 

bS^ 1 j) ^aj&js j *> c.~o Ha L» l;; i>e1« j b ^> ^ I4 U* L» I 

mil jl«j L <s$3j3 Ij^I \J3jxa aS^,j‘A^^* jli; I j c-*> I 

jj l_ptAbl j ujT o^*o Aj <jl \J Ja>- ji jtj ij ja ojl ji 

41*5"* b (Aim (lb jl Ai^ls OJ_^J Aj V_jaX« 
J-J 1J t—> Ijj b j-i 1 Aj j|j J Alb J b' ^^ .C-*4**1 ^ j^ 4 <Jjl* jl <£ J~5> 

.Job-Ll* 6ib oil/ jb j** ji b^iti>L<hS^^ 1 4 j ol^j^ 4 

ji a_Aj c-^f o^A-i bj j a_j ^1dj_jb Jl jlijj>! ;Cl! 

ejl fcAj C-*4»“ I—3*^— ^ Jl (p A_|_ jl j J I r | J — 3Ca 

o j—i 11 I Y • \ Y J^ 5 1 J i y ji Uj' 1 r = j r ] e J ^ Alaj I j j 1 c-*p U' 

e J- b 1 C^J J b J^-b Jl b U Ob^bl A-iS^ d*-^l P* ^ \ Oj>? (j btj IJ 


J I *9 J l^<.> I [j i 


oJtU jbjAt Ji 4-jbjb 


(J b*Jj I b .^l-i b 


;Lp aJJ llj (j 


; jl (_r" l -“iJ< 


"I & J*<®l <kj IJ 


'Zr + Z 


r i.r \ p.H, Smith, Transmission-Line Calculators •m • \ 

Electronics *1^> ^ Y j!> 






LIac j jS2 ( fkf 


r, 



j [—3 -4—oi J> 3 j\ J>Lp jl —e».i ^ oL-dlst-a !P* 1 T 

<3 J> I .S JO _>1 ^ jy>0J I i-Ll-u \S^-*i 1 i J ^.*,3 ^0 t| Jj>-1 li O L <aZs>zA t_J ll J) L 

.3j1^ jljfi | Y' I — \ tX»l^ £lr„i b C^la^jl^ 








f AY J 12 a | Jpjki- 


* ;| r i s- 1 y !j r ; -? 
r=r r +;r f (?) 


r + y'a;: 


' + l r + jFj ,, 

= ' -r,=7r; w 

j] -UjLff' aIjLu I ^j&j* i ^iLi>- &lj*-l 

\ -r'-n 

Cl-r r V+r,' (f) 


® _ 0 ’-r,) , +iy~ K ’ 

^ 4j o1 y b (V) 3 ^ ia-j 1 33 I-& j iSj~? O UUp 3 

.3I r, 3 _4>t* Ji ^|vat>- AS""lL~2 »ji 

( r '“T+ 7 ) +r .' = (T+ 7 ) (A) 

(r-<)’+( r ,-^) , =(^y «) 

ctl-j 4 j Jsi j-* I 4 /1 JI ^I-AS^a tS '. c—^ I b o: tiL ^Jjl Ikj 1 j 

djjb ^Lj^i a— r 3 4a>^l« JuiU r — o J ’1 .Ju‘I c^jU* jIjla* 

r, — o j P r =0 32 o' j5" j c-^l jk*& 4j Js> 

LS' 4 -^^J t&O b ijb ^1*3 ^,1 \]c2A Ij ^\j i obal>o 1 IJ3 

jl >CJ 1 -b^lj j Jl Ij ^j L“j!j i_ o yj? 

a &'iS\6ji\sj$'y> .3. **! r= > Jitj c-^l Z L — oo cj r~ oo ^ 1 

jl-a-* O f J 1 - — 0 J T r — \ Ji (A) aIsj 1J Ij 

Ji yzzi \ oJ —j b jS*" J* 6^5o3 ^J \tA j! jJLP 4j , J 1 — ^ 4lai/ pjJb3 !>lJ 4 S^Jjla 

y— oj^ J tfly. b (jil o J& jT jf = o 5 \\ — oj^ 






f/A 


XU r J o~»! Z L = OO js -Li Ij x 00^1 .-L*1o-Li cJfli yu 57 

jr.= ° ^ T r “ \ j> j**> (^) ^l->li 6^ b .-LiL \ -f- j o c£jL^ 

^ r r =r. = \ °j^ ^ x j* x =-f- ^ .c-^i r= \ 

j\ j? | | — \ i£ Jx 9 L5'^ >,! ^ A ^ 3$ & ji b Qi f JI A b Ja49 . 0**>J l «A>*1 J O 1 ^ l**£> 

^jb^j r r LS& 6 >-b £*-># = — \t^l.(^.\ Yj^) *a\> 

oJ-i ob o^' >»* x— °J& 3 — oj^ 3^3 — y ybi 31 jj! j:> 

f'* \ Y J3v^ -w ji>a 61 aS^ o~^l jj>** oUa x — ° <—3jjw «S^b» .o~^i 

*<J1_*jlJ I C-L^ 

jb js t>j-J b a:*o ji 4-Uo^ jli; V. \ V j£i jUa 

O l j I 4 b Ai-i b i j I aS" I -L <J t>- . Jj lU } 

A_U^iOj_ib ja £-kU>* 3! Jb>*/ J.5 b oT 4 0j/T 0**0 A> Ij 2 ->l^ Z o 



o"t—*-2—-“ -o—> 1— *-x jr—* b* 3 o->J— t- r J^Li o*^l jb>&* Y-\f J^* 

.tOl^uA (p J O 3 —->■* Ajjl3 c/L^ 3 j r | ^ 




^ ^ (— 1 1 4j b Jv^i_y ^y b Cl-?- ^ "^) j {$ A tyff^ 

j—j\J2 jb J*i JJ dj=? • p~i JjTc—O 4 _> oy b J* yj £-kliw jl 1 j r J 

^Ui 4Jb?li aS^c^I ^jV ojIJLj* :>jbv b | r | y-^LI* &i£j> yJ \J&£* 
(J^JUj 4*j J jl *Aj1j Ij i yi ol ykj b ji ^ Uil 4> I jl 

j J&t yA_j Yb Y ->by*> ^j j:> a^i* £.->“b J* 2 ^ oti o^ 

(J l_fcOjiip C^>* O^A>- Ji r r Vy>*« jl 4jft£l4jjlj j! O-Jjbp- r *i-?b .c^l 

JUJjl> UajjIj yl oy^ aS^pUJ* JUjk^- i5ySbjl*k"l c*pb 

J j—?■* UAj^I j C^>- y.*A 4_/ J y»^* oT jb >*'* yj vi-pl> 

A J (jl y Ij £.ktij Jl >tA Ai IJLa j) O^b >k>- .JjloJi-i <ob (jU-J J b y*J Oj^yi 

£o Ja—>- c£lj j ^_$"l tJl <-^ 3 —^ *^b 4—<«b! jbj —-<».J 1 

AkS; Y- \ V A 4k5jb z = ° + y \ ^oy-^ y.b:> k Z^ = Yj + jb°Q 

t^jLw Lyi ulJjL <_.*>yJ> . jb‘ \j \ j r = oj^ yb* ^-kU; 

I Ar° <ijb ^ ojf-Y 

4_jT tjl j _ylyJ {^-?j b> jl UM Ij jb^W 

yj J*^^j ob -k>- ji li^li o^y^ oT aL^j a> 

.C^—-* 3 Al-ij— j' jl t^Jj 4^" iS{^3 <^-^l £^y> J jb ^-lj v_-^»y 

4 ajJUy jlj (jyj'IJyl) L^j^lk J tykjlj ijri (Y 7 ) 4kj!j 

\+r 

2 “wr 

s3^5)3 (^*^-*1) ^5 il* A_S^c^.l L$j—^ k J b (J^l—^*5 b?- 
Ojb'^y Js^jy ^.5 \j 4j )j Ja>- J^k J cylJjtj v-y^ 


('°) 


Y-\ \ J- 4_;>-j—^40-^1 d-l-i d^b yJ ^J v *^ 4 j 4kjlj ^yl oUi 

jl —j Js^ ^3 iy*l i/—Ofi\j\A—; AJ>X£ 4^jl_: .J-i f b^'l 

* ^in — z 

(^/l-Ul) iSj ^*lk (^lj—f (\°) ^kjljj! 

(_^^lb c-^J^4j yy 4^5/ a5s!>1 j\ Aaj *(^ : ^L5’* jL <iJ.{ jl / 4l^»U 

a—- jlj j^jS^Ajl^l L» pf-y 1 y^ A ^IXj j.3 U z (ty^^VO 


\+Te-i^ 1 

z ^~ \_r e “^fl l 













b Z\n b* j** f* — Yj3/ 


Te~i'f* l = | r I e^-^ l) 

<£ jA It? O - 4 J lJL* L_i Jb Aj 2 J b <_£y lb C-*/« J lib JI a5\Ij I jJ . 1 ^* b 

‘fr^cs* <-S“^ db& I ^ <-$-?-> ^ b / aU>U Zi n cP-9J-? 

(^ 5— 4 C5“^ )J b Yj 6 / A—*jb C- w ^'o* 1 1 JJ —b 

l L-* 4<l)bjb 77 Sjl-l-i I Aj /?/ A$"b jij jJ JJSjJJ tfij ^jJ^ b 

bbjO b* (£j£&e*t*ZJ b 41 -lba . »A*t b aJ^5 j^Ju J jh lJa*j2j jJU-jI Ai 

<J^b p*/ J^b a* ^lib^ JUbl Ja>- (^jjjj (^Iju!) c£jjjj c->*jbb aSo 1 
.JJIj jj3 I Jj iCL~*> 1 jb (^^yJ !-L*l) {_£ylb CJ^J lib C$J b* 
^y jJ^ JJJ y A^^*>iLa 4 ji^Sbjb^i b jtj^-«j 4^1 jJ b 

4ib?1 (££.» AIj J JJ Cjt^C-3 (-5^ J J^^{_$ A jUo IJ oJ£ \ 

<_£^Sbj J LJ*b c5l_>AjyP C-^>- JJ fj\j !j Ai^?U jbjjl aT tJ 

A» \ Y JJ c^XjAlij JJ JjI . JUj^ jbj' jT 0$>* JJ tj aJL^U jbjjl 

(j jj 1 j* j} *^3 j* O J jb»» b AS^^-^bb AS^ SZ& A>- y .A/IoAJj c>)j jb» 

»d-t> (wtg) l -i ^wavelength toward generator)) 

JJ ^lS J>* (£\j—i (jg/ b) / jbjjl bs j*fi -AJ ajb j-i Vb JJ aS" t5J_4b'U.A 

-*J --^> I b (^L&Aj^jiP 

lj—1 j~~“& A J 1 J jlj^—^J Jj J jl ffjZjJ 4 J It* i A_j 

Zi= Y^ + o S2 jb y 1 ^ ejb JJ .jIj jbij 

jj .jjIj jl j—3 £o 12 I 2 —>- jJ —t t £\—$:;! jj a-S" jS j—bi-i" jj b 

j dJ.J» ^4 *•—i Y*\ Y a_T 2 = oj^ -(- y \ f^—oij y-ii 

y) J—-Lf j f o cm ^ Jjk F= ojf Y o j^ Y /hX° 

«J-*J I JJ t (—j Y m L^jb-a Ja 3 ^ <_$JJ ^J—“ Jjh A—!f 1 —j ( 5 j jb> j!5" 

SjfO—*1 A—i -i—i b Zj n jy J> b . j3/ =1 x? °° X f 0 / Y o 0 z= \ oA° 

<^S j>- | r | — 0 J9 Y a jib {^jj cjb l$Laa> y *^-4^ )) Y X \ °A = Y \ ^ 

jJejb Wtg t/b 3l fljUl-^l ;J / ji y ^ jlS" j a] 15/ lj lj jb 1 A>- 

jj {£j ob& j^4 aLL‘ 4j I J^i jj A5^ ^b jiJ^»1 .C-*^-1 

j j—>- * J_if L y oj \ Y'^ b Wtg C5y aJj J ojlj jl —j ^ . \ Y 

Jjb«Jj |.r| = ojf y 0 b z in iC-*-l Jjis oj^oo t 5 jb^ focm 

J^-5-JJ jir ! Ob j>- by T oJ\ Y 1 ^ -f- ojfo o =z O JYY'^ Wtg j^ 











^Uiuj^tai f\x 


oj\ ri 



U« _>l —J eU (Ssjjj (^ila^l) <^^LU ojoU* j£*» 

° jt* a Jjk^ (£3j z — o j a -|- j \ jl (o_}J 1 ^* 1 ) 

Zi n = ojYA — j OJ ¥° 


B ^—{ C $S3J3 A.ia2l j ^fi^O V \ Y 

J 3j^ij, A e<Jj I j>- oJYA '“~ y‘° JY ° j! I ji tS*UJ c£jAIU ,CL^ \ fi-li> 

Zin — \YOV~-y Y°->Y J 1 ^ j^J^ <J4^ -Zi n = \ Y — y‘Y<> jf ^ 

. C>^*0 4i IJ 

_j ^ 1 jS'' U) L&4 *****-j ^j>t^ $ j Ij 1 jl^j^j jl 

iJl~»jlit/» Z^ Io-Aj2i (J t>- 4 j Ij jj 1 C—*0 4j jlj-"yZ jllJj (c£^4*"*t ; "<_5'*) 

c£1 Zj Z I I ^>- j Ij (j?1 Aa-iaS^ Ij »Axi l> ^/a] l>- 

UjT( C 5 ^* L5 ^) z £ < Z Q J (c5^i^^) 

c ^ A^g ji j^i AiSCf <jd I 4 j Ij Ij ^yjl jj^ Jl>- Ojta 

c-^jl^ <_£:>jjj (cr*^ ^ w ^°I) ^J,p%a j$ Ij ^JUijI ia>- 4 jL <—3^L 

1—3 ji» Ll^ ft . ^ 3 J-> 4pJ*0 jl j-3 JZi n Jt I J* (j 1 L$l>- *J J ^ja3 l>- 

4S"^4>t*I/ (jJ ijJ ta Jiftl j^*j aJ^Lt/o c£,L>- I ^JIy' j) j A 


f\r J l&J ( i? jla> 


Z\xi A_Ji <A_ ji i, jlllj C5^) (-£ ^ j£" l*^ LaA**^Lj 

(Y^ j j>**} x—° iSJJ ,j^ !■>- JU* <Sj&\ 1 s> l^I^jUU .o*jI i>- c^.aj\ 1 a 

3 Y \ &i jl A_j ^tj?~ 3 t+tr^ ^ — fe 3bJj .^» jli jlO^o^l jli 

(J It* Ji ^ I y Ij . <Xj I ^Jpr3 4* T <^ \ * \ 3 1 Aj Aj-iwj (£ b j>~ J 41^5 ^<S Ia j bl J 

o j Y Ak2/ ji jbl j fjiX** £ j* (j**i jfU) Aj^ 4 — f ^ aIs^U <_5 j5 

aL^U jj i c^<1 jb jl d^d* ojy^o — oJ^Y'6 = q 3\ \ j aL»^ A) li wtg 

o J^ - AS" 0 *J»li A>- jJ b .O -* 0 i J; 3 i rr cm k ojH 4 xr°o <jjL^ 

_,-*) o^l R /R l l>. RjJR o (ij3< i? L L£ '-' i j^ J ‘‘j iojiy yL> ow 

Aj>-L/ Ji /* J jx-* iS33 jl j j ^ I j £ jlUi* IJJ t (^*ib -b-lj jl j& jy 

( y>\ U JbU ji .ijS*"ojl jl LJbw* j p J Oj^li 3 Jj>^ JjjI £b\2J J>*<* Ji y ^> \ 

. s =■ Y^Y <j;J y bi 3 v = Y jY J <o--'l oJ-i oili jlo* C b *-b>b~ 
( [ ^yJ b~«i I) (£j-& l-t (S I ^\ j-) I j J U:; I 1? jk>- (_$La jI^ 


i j>-3 ^J>- C-jjL^j J .J jli ji tijJ JO A_> jJ tay) 

jl J g- jj P bi (S^r ^—i r ylji j' j y = y L /y o = g--f-o-!L>- ^1 ji .ijb 

^^Svj ot>b^l ji ojj*^> 1 ji ^ oiU^-^l /? ^/iji c^l—>* A—j ^ ^Iji 

a_j jl j a_j a5c» 1 (_^j5ji j c-^l jUi j ?r ji-* aOj5^ l_j j** l) — o j g- ^> \ a5" o^I 

lSju J Ji .i A3 l^l \ A ° ° b i oJj ! j>- jli j_«.j ^j^! iS3J aS^ 

OJjO ^1 Aj lj Ow^vjI jlij-«.i^s^ 

: JU'jli i y>-3 jf" <-^l J. jt* (j^3 l^Ia jfi j*J 

.i y fU ij to-my cslAjlij*.; j^oQ <j^jli JA ; ji y^A i^T ji a^ 




oJ.>* 

Yo MHz ((J^^^) Ji Y ° 1 X 1 <Jjif 4 j f oo Qi oUlj Jlii'l Ja>- ciJli jl 

— j\¥ oQ, jbAj Ja>- ^ I J$\ .O^ i Y c/ T t 5 JJ OPj^ .i aili^ I 

j s («_j P (oJ I) : ffiiiliol A. ^ Y (J^*^ jlij-w jl »A^*b c-Ui {*!>■ 

.J : lS^IJ. : / Ij jlllj (j**^*^) Al;^ (jJjl J jb jVj aI^Is 

\ HI 4 Y-^ 6 °JYP^/_ ~ f Q ° : ^l jr 

4}Lu>o *X*J> A* 1 

.|Wjli^> l_JjLsaa (Jlali‘1 Ja>- Jj L*-< jl A> j^j Ji 4 j Ij ijs>~ A>-jJ jjjl Ji 

Jli>»j ^.y 3 ^ oUjIjc* lLU.$^Aj jIj ^ ( j-^ , *I^ 4 I) oajIIL* ojbji Jji (Jb^ 




Uio J j&S t 

.C-**'! ^jb Ja>- b dC-i d-b £-jb> 

L 5 ^' A ° (^ 5 —»IJ* ^—i c5JJ jj-J ^ ^ 6 j U,/ I O^j 

I—j j I *c.—^ 1 Y i£3 ^“*' a (^ L*» jr j— 4 Q;^» j ^ |>j 1 ^ ^ Uj 1 

J <CdLj c£ i L^ljJ 4.1a>- il -U-1 jIjAJ ^S’dJl-ijI «db o^l- 5 c*^^>- 

ilJJ^l J3 A—S’"" ^>- jX* ^jS Ja>- j C—1 oJvJj ^ 1>J I J paJ jS^ U) <C~dT 

^S^-U^* YV cm *?"J^ ji (f*^*c^) 45"*JL&^^ <jLtj LL —*\ 4***j 

J>*>* l_ j J C~~*1 Ja>- ^Laj .^3*U>-1 j^a ^ o. \ Y ) ijh 

*UJLjA> Al^S^^JptyJ V.^jlJb' (_$ULj1j jb 

^ j.a dL jJj.J" ^bd-dT" .$ J^'Ol J ^ o I Oj>~ 

tS\jj .c^l Y o o MHz (<j~ ; IS”V) *ddS" jJaj 1J odd A3jia^ji 

jly ol c51^- ^ ; ^fcl —:i JUal! Ij jl tj jb <ji.5 J>*^ A&ol 

'***& u^» Y ? Cm ->* i}*** u^ 1 



Ja^ J —9 (^lUj4-1»j jy>cA Jb>- db jl 1 r j£* 

j* 4^.^rj s = Y Jd ojU jl,j—^ ^>- jl—» 

V? cm ^^s-l^^ dLrjTJL^I .0^1 ^il j f V cm 

.C^l cm £>“ cs^ cr^^- 


1. Stub 









jl <—> jsOA Ju Lj (j* A ^(_5^) jl 0 Jf')' (J Uj 1 4 JL 2 I 3 4lT pf b^ 

jl ^yA {JpJ 4L<S>1 aj 43 1 J4 —) tjl ^J^* 4 J**S ^ji »«A-it-> ^p-* 

by? v^ — ?vj$ = — 1 i->a cm ->^ (f*i ; <y) 

«ll ^1 — \ \ jA cm J* ji t}^* tc--*»l jLj 3 Ij^TJUJI 

f V — (— \ \->&) = &A->£ cm J* ^S a*^ oUj tSj$ aju^l 

_j\ jiOmJ ^ Y \ 4-L,^ Is Amies' 4 1 J i ^ tj^ob ^S" I l> .Cl*"! J^ ./ I 

4_j L jL> jl y\ — (YY->A->Y) = YjY£ cm <—j jUj 4 :*^ .<^**>1 jbi? 
oU^Atl ^1 l; pJ \jJ JU- .c^l o I jl ^y Jjk Y JYAjYA = ojoY'o 4i>'Is 

l£j_aL1? C-~*J ^ jW J 4JiJj (J- 5 *^ 4 -b .^jS^U^-l jA jb^J 4 j 

(djj Uy) 4 ? L c-^i sR o c£jlw» j L>- c-^jU* (u^^*'V0 

Ij 0 JY 60 ^ £J^ Z\ n~ YJ 6 31 j\s Ji jil^L *j « 2in = YJ& 

^ p^iS* p—o I 31 oJofo jlf 4 j o^yJ c$lj—d 3 Wtg 

4~j Ia>- J ( | r | = 0 ->¥ Y^ ^d) s = Y->& 4^b £-UU? 4jT pjS"^ 4 ]^^ 

4*>-\ \.\ Y 4 —d 1 2~ YJ \ + 7 oj A 4 ^:ojYYo 

ji jL_j Jp*a 4 —, 1ojijA <Of o-a» 1 s^j! Ja« ! j 2^ r= \ o^ -|- yf o 12 <jL 1 ^-d l*d 

p—Jl4 aJ 1 .c-wT jl £y J jb kJ ual jl L5 >t,>w? ^I —1 — \ \ J& Cm 
j j>- ,pj5 "»—jU-JI tjl ji ell jS^Jl^rl j^b jlj—s 4 JL-J 4b ol ydJu I j jIj 

4 ff ^(jU>ci^J (j)4lafl/ 4— S' C— *jI ^jV tCx-vdl 3 JJ" c_J jpJ 15*9^ jL 

.i *J. <j a^La C-^l 3-ti jl Ji jb 

Ja>- cLL_j 'I ».>LaI*J t tU pjS""4cJ ^ I <1)1 4 j 



zj n = Y->ii + ;o —*» J_?~b ojof J^-L 4_j s^l 11 • \ X J^* 

.±y 0^1^ ZZ=. Y J \ + 7 °JA 





A o iz>- l —i ob jt d 4-L?l—9 J-5 Jji? 4 —f a-L£> aU jf J[^ 2 >\ 

^j£- j—3 Ja>- ^ ( j^*/ I-L* I ^ L-k C-~° J li/* - 4^>-! j* \ ^ , \ Y J^N-i 4 j ^ 

j d <s^ -c^l c j^2>c-l^ (c^'^' a ^) 

‘pr^cr^ ^ 

^c. A ^ A y —* CL^J *—jlla>! ^P^9 ia>- ^1 J*** 1 ^ (_£j^U? CL->»_jIa4 

J jb 4j .Ljv c^ 5JJJ ( irf T' J ^ j1 ^) <£ 1; ^9 J <CTC^*- 1 1=*- fcS" I 

«-\.— j L 4 Ja^U- c5^ijj (,j-* aJ ^^ >1 ^) (S j-® 1 '-k c-~*jU* 4_ ‘S'jj o.*a>I jL ^Li aT d 

<—o 1 j* 4 j ^ b*o i ^ (JJ ^ 4 ^. 1 c£jl j>* y 4jJ I .-Li L ^ -J- jo iS 3^**** 

1 J 5 j>>- c_jjJb C-*-^j 1 ^ l^-uo 1 -L»I^ <£ji jl ^70^1-- 

d lJj^ 4j Ja>- i£$3j3 (jj-*' wol^ c^aU? C-j 1-lft :^7S^jLj c£^&U? OjI-XA 

1<Aa <j_Li 4iU! I_J aS^ 4j -A^iU \ —j- jb[xL *-U U CU-vnl jb ^J^Li a5^ 

^J iis ‘ jbst <J*l ^j* 4 d\ tSJ^lk 

i^jlw» A—it; '^ 2 >- <_£^aU? C-j 1 Jji> y ^j-L ^ jj \ -f- jo ^ 

(J?^—&Ui? IA— ,& j 1^ j>*«*j tl-L tjl 4— ) 1 j J! ~ 1 y U^ — jb\j\ 

.$y ji>j 4 (jj-“^!^- 4 !) c^^4j c(( j-* J " 

— \ ^ ->6cm 4i*^U o 1 J><^ 3 0^*1 V J\ H- c£ c^»jU» 



m 4j . ^ d^ 4j . £, ' J ^ f JLsjI ^ dL \ f. \ ^ 
o->- i-3 Jb Js *S~ »>* jl 4i jL (jl jl 3 jl^ Zl 

ojli jl J li- 







jl&il 


j \Jjb fji\j \ /(Y^> \ j ° jA) j4 c?jJs>LLp o«j l*ift Uj .c—*# l 

oj^>- o^^*7 c-***»l jbj-«-»' c£jj ^<Jjb o<>^1^1 b jlI j 

yin = 7 l i Zin = \ Iz tjH <■ Zin - -R 0 V Z L ^y Jj>1= £-; J JJ= *• J&- <j\y. 
i£}j I j o j y Y ° jl^b 2 — Y->\ -]- j°JA 31 cua^^I jb j^J jz 

f^LS^ (f^otjl t) 4$Uj>| jT 4i Ij O^YAo J pJl Wtg AJiJ 

O-* J lib ^ I 4_> ^<4 oY\ — y o J \ f* ( U*°* I ) <S J — ft lb C^> I Juft 4— f t£ J ^b 4 j 

.3jb j£ s = Y J& Oj—jb c^JJ JJ+b ^bii/ ijil .«-b I C -~“0 4—* t>^*lb 

buo!) (Sj _ft lb OJ I J~ft fijjb 31 (^jbbj' 1—i 4i^j 4>- Ji Jl>- 

^1 c^ljj t— j!-5\ Y* \ Y 4$"*t^Jjb uLjfc ?o~*1 «J>"1 j c5jL«^ 

\ — oJU cS J wtg — oj\f \ + joJl & J& :ajb :s J-^J JlJ- 

j>uU jjol7jS^ 4 j 4 —lT1 ij jl Jb Ls^l I * vvtg™ 0 jY'Y 

wtg= oJS^ Ji J^A 3 y ^j = — y'oj^A -^cs* 

J jb Q^> Sis^li I 31 W tg “ 0 J^v 0 jb {lT^ b C*J I J-ft 6^>- 

t>J ^ *(oJ^f“OjfY+°J^) ij^t ^ 3_>—b o j \ <\ ^ j—3 ia>- 

. d- 0 J\ \ X YA = \tJT cm 

C--UWI jb 3l ©J-J> 6 l j ^"<JU< 2 J I ^—3 b->* J jb jj^aj ^ I J —j 3 lp- 

0 JlJ 1 ob(JU*2> I ^p ji 32^- ol <J j^b <£$JJ3 JJ'i i *Jft 
3 y — c> al J JU;I 1 j — i jbo^ ^31 4 C-*aa>I 

Oj^- .iJjT ^ 4 * wtg = o jYY \ ‘j'y^y lj ^in “ — °->^ A 4—^L ^ 6 



JA 4 — 3 . ijfj? 3a^ o^bjl^ i_> t 2 = YJ \ + y°JA °3^ 1°^ jl» 

^5-JaUa f jb 31 J>b O J \ ^ aLoU C^-* 1 J^b O j \ Y ^ 





L-i J °J \ cs p la>- iije ic~»\ wtg = oJY^o J5 okJ" j5 JLaJ) 

.c—l <\jf v cm 

A<J l>- J5 (JIjC/I Ja_jk>- ojLjJi ij 5j>- <loJuk a>- ^5T 

ut -jH. ^65 L^j I «—31 ^1 p\ JS tiS" JJ jb ^ J>-J L <»J l>- J 

ij^S Ik* ^! a^Lj k* ...Lib v^«>t^>-i L-9 j*? oUJj ol j* I SjIj L^j I 

-k^k^ 3 c_$ L —ft.j[ *Xa 4 {,£_,) I J** ji^ U^- Aj JL* I k^ak^- j! a^L&Lu! 

cS^A?J J^ijf ^J&>~ t J I 2 l» I k_^k>- J^Iju c^L&jf 3& 4 k jh>. (£\ I j>~ 

Vl_f jUj J [ j*J j_3 'J J^lw ^ kjk>- yj J C?Lk>1 jS't} 

.C-vj| a-Li cLoxj jJv^9 ^1 ^>-1 ja j£ 1 ji t_ l 3 Ik* ^ 1 jLL.j SjkjJS .JjJJlau 


?*\r 6 ?.>‘ 

j AI3j-3 O^U^I 53 j/* jb^lSCi k^ dk l? (_£*•*! 6° (jgJIk>- JJ.j 

c-i Ij5 f Y cm -? \ Y 3kJ j JI j> (t£ <-£ ^ALjf JLi Lj a It & JL^t 1 j 0 

35 !Jw*j I j (*— , ) lj J ^ ir j-.9) J.—oLw ^ .^-T 

ALJLj J \ ? cm 35 \ A J -k>* M j! Jl^aTl jTI Ji A_5f^J 

(S Jjk 4«j ^o i2 A_J l (<^) o-jl^—? Y’' 0 

AL^Lu 35 3^S I J^> lj j! ^pt-o J ALaS^J-jU.^- j! 4 ^ A3 L^>1 

.J^lj y o <jk>c^ jS^U) 

Yoj^ cm ^ NA-?A ‘ fAJV — j\ £2 ‘ Y£o MHz 


v-ir 

air ji'{ JIa/ijI j5 iasi dk jl a^liX*a| L lj oJA — jr’o0 ajJ ky jlj J^/^£- c ‘ 
aIv^Ls ^ jX*S^ I ^ \ Y c cm <S3J <-! jk j5"l *^AAi okkr I a*Li 

^./aL'(w-i) Yca^I joik- jtj5 Uj*T Ji 1 j ^3 (jljT^ aTI J jl 

.c^) -k>- ^>1 Jjk 

* ^ A->Y cm t yjx cm ^ j>- 

IuA) jp&f'g 0 Aaj^^J 4^^^5t5>*f ^iC 

1 -Adler, R.B., L.J. Chu, and R.M- Fano: ((Electromagne¬ 
tic Energy Transmission and Radiation,® John Wiley 





and Sons, Inc., NewYork, I960- 

I aXi J.ITj Jiff 4j ^ j jj Jlalj'l ip Jsff- 

2- Brown, R- G-, R- A- Sharpe, W- L- Hughes and R- E- 
Post: «Lines, Waves, and Antennas,® The Ronald 
Press Company, New York 1973- 

■ C-*»I aXJ> tSiJX* li« Ij aK.«J& djl J~‘ a ® (A* 1 d^* 1 1 A 25 "’ 

3- Moore, R.I<-: ((Traveling-wave Engineering,® McGraw- 
Hill Book Company, New York, I960- 

J—Ssji _J-»I .XS ^^ J*A L_.»l y I j * £7 IJ dlij’ I iff __d 2 =- I 

.M-Vtlc-li j )^ 2 JJva jlval>-l Aj jJ 

4- Paris, D- T-, and F- K- Hurd: «Basic Electromagnetic 
Theory,® McGraw-Hill Book Company, New York, 
1969- 

i j j—* ^ -W L* y j d tij I la Jiff- j A J V c5 t^Las ^ ja l 

5- Sashadri, S- R.: \ \ ^y>y *;) 

6- Weeks, W-L-: ((Electromagnetic Theory for Enginee¬ 
ring Applications,® John Wiley and Sons, Inc., New 
York, 1964. 

ej!i ^X, 4 —1 Yt Ji dI Ja_jl s>- ajL, ji L*JT JUaj- 

. jj U 


jiLx 

C -~£-^*0 j 0 oUIj^j Ja>- <i-l —j lwL» 1 ^ 1—L? CLw= JfU^ _\ 

I.U.L \ MHz ./) ^Y J ? x \ o A m/s0biji^'i 

.OJS" IO-j \j Sz>- c£jj £7 J Jo (Cj) J C (^) J L (v) j j3 (^') 

= \ 0 “^ H/ 1X1 ^ j‘UI j ls —> Ja_>- c5lij p ((-Jail) -Y 

^ R=o j ?I (^) ixj (o — \ rad/s j C — \o“ v F/m 

a_al^ aJy ojo\ dB/m Np/m) y uh"** G 








Uwi I £ o o 


4—?aaf (SJj—b b GIJCjGsLjR^ fjV Ja;1 Ja (<Jdl) -f 

b j8 a a ( i -r > ) >aab {^t^" L Ja>- aL (^^./iJUal) ^j &It 

la-* ^ o o MHz a^ 0 o 12 1 J^a !) (Sj —&LU c^jb> Ij br 2 ^ 

•a^L l= coy /iH/m ^ R = \ S/m ^<yaa* a^ 
c^i Z o =\oo S j j8= oj^ rad/m a a = <> oT csy toi Ja^ jl _y 
: aa»L_j Zj, — foo^i j —£l .31 ^ o MHz (<jbir>) ^—-bj j* 

4_J c^l^kij Ji C^jb* (<~j) J . s (<- r ) ) 3 T (bJ 1) 

.aafla*j b a^ jl yao m 4b?U 

Y MHz (cT^*^^) “kbj ao IjA Ji i _ s ^l y°q oUIj^j Jtib'i Ja>- bL _£ 

(S*jj3 (cj^'l^Vl) cSy^U=> i jL jl yo o m ^LoU 4 j (^IaLSj j ju5"^ 

ja*>- Z L »c-b \ oo — 7 *Y 0 ° S 01 

^j**C>b‘C3b j 1 ajj ;U j j—jv» Jj b _ 1—2 ^ cJ^Ia ^Uj I 

b>-1 —i JS o-Jui 6^->0 (£jj— j| .wL:r—5 JX “ |UL J CT c b C-j[JL—A 

.a* ail <a**o 4* I jTolj>- jy y Ij b <C[ r <^ c 

jc — ¥j& mm 3 6 = f mm -9 a= oao mm L_j ba^ (*—* J-*br ,y 
(Jl) jK" ^ MHz (lt ; ^ j-i) ao a c = f x ^ o v £j/m 

^ '-rij*’ j> Lj^intO) A,,int 

60= ^ ° A rad/s b_> 4.^^^ i£\*>zi^ Jl kj\ -U>-4il Ij y J ^ -a 
^ j-i 4«>-l jA c X+^jf 4j ^ j l 4—iT"^jjaj5^ Ijlj jjS' ^ jLS*" 

.a^L ^ = oj\^ mm a d= o a^ mm a 6= a mm jT ! j 

4_^y a j*^ 5 a^ aaTlJU f j»a Jlii»l Ja>- tiJL c^fj_ \ \j j3 3 cl 3 Z 

a*J o= ° 3 o c = & x lo Y jj/mafl= oj^ cm a d= \ o cm 

.aau f-fo MHz ^ 

la ^jV c5l^5aa>w« Y-\ Y ^a-i jl o^lii^l L o 

^*aI *S jj j+& ji aas^I^A js Vl; y) a^bj JUirl S^>- aJL 

pA JjIS^ dlj <jly Q (bJI) :y t \ji 01 ( ys>^ (^'la^l) iSjk It o>jIa^ 

J \2+j 1 J»- jt £o S ( l ^- > ) a 4 ^<>jJ lii/I ia>- iS\j> Yoo S (<_^ a a_p^ 

.aa>L 

jK^4» ^o MHz y) 1^ o m 4 j [^o Ja>- <iL \ 
YoS o^jbj \ ooZSV <y bal £yi* ab (jjb* 4 y oaa^ 

Pl (v) 3 K #l ioad (^) a Fj,in (bJ I) a-^l &o + j&o Q oTab j c^l 

.JaS"I jlj b 



£ O \ J Utti f -y^azr 


Aj Z (£ j&Ue CU*jUU 3 ^ 0 mV jb ji^* jLJj b {*£*aJ j* -\ Y 

Juv^j cu-*1 Z 61 f j&>v.z+A iS cu^ibL* aS^^UIt ^ J 13;; I ia>- 

^1 «C-‘>*' J t <S-VU oJY Z J Lj b>- jl <J^b (_$ L^-o I 3 ^ «CU**>I A-Li 

^ pA j ^ U ^ ALZUj li* ia>- L_Jiiz>e,^ c£ J& (_£l ^ cJftJ I ^ : -Li b Z = \ o o 12 
Va'-' '^"J3:;» -A J ^ 61 a_5^Ij ^/l^r (p**;^) a **?S3 

3 -A> i jJLa;*- jb jblj (p^;^) AIa*S^ 3 ^p^jylTL^ AU-i^j ^oLia _j') ?J/lj-\i>“ 

.UZj t ^A CU *0 A; ^flgJji* A>- L?ljJ <^>1 

O LLb' J Uz/! Jss>- wi—> j 1 o J Y X J A—J c£ I Axla 5 4-j | y o o J b tib _ ^ Y" 

^gjls- I Y ° ° -L- 5 ’” —i C5 b^Zj 1 Ji lj-** 1 f" O O .0^1 O-Li J I foi 

Ja>- 1 JU7I J ^*- 4 A> -L Lj lj ( 1 1) (_£j£>lis o^J 13*« A»- .ijb j! 

.-Lib -X^lj ^j I^j ^*£>1 Y'o o la>- (_$JJ ^^ ^ 3 A LU^ L i 

.C*-l 0 <-X-i p«-Z>- Z z — i?-} - jX jb A_j ^aJ* 1 £ o oUl7 J ILj I JapZ tiL - ^ Y 
X 3 R aJojIj j-ib Y ^ L*» cu**«j I 

\ o o -J- y^ o 12 Jb l—7 -X«ib Jo 1 —t J-X3>- olii; <J [iCJ f Az>- <dij Z £ 

^il^l ^ ji<-Xl - 4 S -X-iL Lj ^7 j* C-*a«*j j^S5 l>tJ \ L 

vil i (Ji l ^ 4 d -Li o 1-7 <J 1^71 I ^o J j >cji p® <J ^Zj \ ia>* <iij j 1 A>- - ^ 

olil7 Ja?i- -US"^y ?C-^1 ^O MHz (trilf y) J^Lj Y ^ pF jjl>“ 

,-X-ilj ojx £ 6 ^ jLiZj'l cu^^ ^ 

Y o o <J Uzj" 1 Js>, <i,iii aL*wja> o-X7^-S" aj Y°° FM Cf* ^ <JLa> i _ \ y 

2 a>- A_j \^o JUa/I JL>- tiL JI ^-ft J Aj ^)A^ia3 LaLlil 

J -X-il-J U =■ Y c/t“ J> ^LJj J—.A JUS"” ( jJ? j3 .C—JI dU-i (3 

^^ C-^*-7 .-X-i 1 —i Y o o 12 d-L* j^-S - l$S 3 j 3 ^ L yJ 1 J^l) <S j^lL cu *3 Li* 

?cu-l j^>- \ oo MHz y) j} iz>< 

Ja>- vll.j jb ^^^71-L* 1 ^ CU^jbi* jl-li* CUaa^I jLjh 4J jl oliUjt L 

a_j po^'^a jjj y;xj i j/ ^zij a_ 5" -LiS^" jb? aj 1 j ^>>1 ^ o culii7 

. -A-ilj \ J**J* ^ T jj> La» ^c-*a***> cu^l jl> jI ojy A. 

A^aXj 3$ 3 CUvJ 1 ©<A^ pZ^“ ^ ^4 5 7 Sj0 -Z b Aj 1 \ ° o Ul7 I Jap- tJ-L - ^ ^ 

iasA (S lg.i' I jl Y o CIX 1 U Aj ^ ^>.a^7^a) ^| At^S'j ^ U ^7 j* C**J 

7 c^jLj jI^Lj L jL j .c-*^l a-Li ^bjol j)j>L_6l5C^i 

Lj t^Lib /-^OO MHz r> ^ -^^LS" 1 y jb ^ jZ^Z/U Y (p^LS^) 

. «-La5^ 1 1 3 Z^ cu>wk*^l jli j^a-> _^l Ia*a^ 1 

*r y ( J1) :aST I j Js»U/ tAf ^Xa jLSCa cu-^1 jb j-J 33 -Y o 








^ 4 x ^1 ^ yr 3 L* 4 j \f-\T jw 


.o—I o j& lSs^* oij'j‘1—;* — ijJ> Sjlo;l (—) .o—l y j(\j> l^*T ji ^ L« 
tftJLiLJ *iL-> (o) .10-1 ^o D — IjjIj <-r'^ S i-^3 (y) 

jl_f LW o-*jU>» ^5-5>- (^) M'ls' 5 

.(^liM jL) c— 1 j 1 * j-j Y£' M o l jJ —-:j^ *i^3 (d) * c ^ 1 YZ o 

jL.sM Yoo MHz (<M^y) ~p L** -> l y ^ -Y \ 

4jL^U Ji J ill J ^*) ’H 4 "'^ *0—1 \ JY O ^ J- 1 ^ (^ -2 

ji (c-j) ?c—i jJLa>- j*—j — Ij jl—i —; j—o> (<-j^ I ) -C—I JOf ji OJ^ m 
t^jb V'o o COS (to/ —jSz) V dJ ;F J 3Wj ^(J J ^ 

?0—>- 2 = O j*J\J 

j [ju 2”^ + 31 j-? i — ^1 ob— (<-^1) -Y Y 

4a<i; jjI Cj >—^—j JbM jl^i ^iJ^I oT J-Maa 4—f \ A° -Sj' 

cSj&i IU o*>!-^ o^ ^ o^Ui^-l o-*—I _> f ^ j—- * jl (-) oji dal \ /(r+ joc) 

| .wL i o—^ 4 ? i j v ■— yYS2 ^ (o^ 

Jxd> 1 j p~Ai i? ^jI^j <.4*w ji Jb&l dL oU^>-l— - Y Y* 

0 >UL'^ J 22 1 JH 49ui>l 3a>- A> cl ,*—* -P ->$* A i ^ f ^ Y 

d-\/f (v) ^ X/Y (^0 J* Ij Z in C ^ \ oZ L =\ o z o J 

•AS iju 

FM j$ & ol y\ oT Aj Ja^ b ^^*1 j\J+ -YY 

LS *to\ foo t i (iJ-i O 45^*1 Y°° J^l 3s >■ jJ; J—L jl PJ ^*1 Yoo 

jz j{jltj\ ^jsti .—^1 \ o o MHz (u~ j ^*jp) 

.JLlf Ij UJ jt -Ub Y c/Y ^>- 

ja>- d|j 4i*^*J 4-J I V Oj^ '— j\ ( d j3U^) ~Y ^ 



jof JUa ( 


l Ju*2 J 4**/^ Ji (J Ux/ I Jos* tib A > {£ J^Ia4 ; 4$"~ e*XJj 6 U (J 1^2^ 1 

J*^j Ja^Aj Jbb jb jl JJLX^- SJLaU Ji ^9 Sa>- .^J&i (jUa/l 

,JLtb y J ^la JCs*- b ^gP 3a» (J^la ^ .i 

i j (_9Lla> I 4 j Ja^j ^ ^gUaxJ Jaj 1JJ 4$^aj&i jlij di jZ•K as^\jA ^ Y» \ Y J^l* 1 -Y 9* 

:j1 XT jLp aJJj oU S cjl«u2J I ^p ^ h>~ tib 

pd=(\ ~g)/(b+g cot fid s ) 3$d s = ± V[(\ -gj x -l-& t ]/g 

.C-*j| jb ^ojJLy^ (jj-jU^i I) C-J IwXA jr_|_y£ t^J l Ji 4^" 

Yl ->b J Y lx**il ^ c£^.ftlla Oj lajb b liJj Jtil/ i Ja>- _ y V 

ATa^ ^5 Jjb* Ij jb4j J^*- 4 dlj J$ (J l<-aj 1 ^ Ja>- tib (J jiIp I 

^*“1 J-%- Jmin •• ul e i_fj i & Jd~. £>* ' Z ^ J 

jb^‘ jl tJ-lL y £ — ojo y — jojoy y j 7 o = ojo ^ y a&I ^ J Li -YA 
Ay A djd Aj e-Li aI ^ y Jas» <ii> JLs£I ( J S '^ > ejJ"»ilil-*I 

AxlS*" «Xa* 5^ , »A*.- Ij -J-- J (_^* Cj S * * AS" -A 1 *imA 1 f A ^ j^G IJ 

.J^L olit^ 

c-i I—* 4 >*jL? ji ^ ^JAsI^a j\jJ <ii> jl JU:;I Ja^>- j! ^y -Y \ 

j!_^— I ^UaI j \ cm A_s*J^ ^> aJ-^ l_3 .^-^1 ©JLi 

jT j£jy. AX^b jly A^i^J Ja^ij ji jlJil o jy x \ cm 

1J ^-0 A J j\ ji ^ J Ae J^\jj2 ((-j>31) .0^1 (Sj 1 

Aj jl^ (ji) jl \j Z a i L (J^ 3 3~ijt (j;*^ 

:<Aa^* A*uj U/6 jold/a b 1j ^j j&j jO 11. Ajc>- 1 jA ji J aJ li« 

S.B. Cohn, Characteristic Impedance of the Shielded- 
Strip Transmission Line, IRE Trans. Microwave Theory 
and Techniques, voL MTT-2, No. 2, July, 1954- 

L^la>* jl ^ ULs jl jSt eitil*)! ^sLkil &lj>-1 jl aTc^i jfa Uip a>./ -ro 
Ai (J> 3 J*0 J* 5 J? CiS \al~»\ j! Jj y,) oij^i frl jl t JiX-i b Jilt; <J \jll) I 
A{^a ji jK^^'LS" jb'j a^Uj f 

Jws9 ^-j i U-t a.^_aJ Paris and Hurd v 1 ^ f AT 

ttl —j Aj ^ o o —1“ j \ o o jb cjLla/l l&\ jl A^O-uj 1 AI**j|^^ A*>-l j>» 

lsjI <^"3^ ((_r^ ^ I j) fj* j*j a <±b \ o oS2 oliJ; 

Abtf>li ji Ja>-b L^jl J A LaI I I j) ^3^*Jr* (Sj&Ae \ 1 *a j\JLA tllj J jb b 

.a/loaa> dib j a* liS - ^ y>Y ji t^ji y*. .i j>j l-jI>cX/I jl jl y'X/ \ ^ 







^—i ■ i L^ ^ji I d^ ^,***a 1 p Ijjm J^5vJ | dj.^Jjj ^_j 4,<_\j« ^Lw>^> 45^ I J ^.a] tL» 

J 4 J— bjifi- J jL— A AiJ& — J j*S’\^ m A toV^Ua jSvl p£-a 3 jJ jlS'jil^ 

(jib jUj Jj>&* *—> 4 —'* i~J Ika yA j^Jji 5 ^ I 3 l 

pL’^—<ji-b ^SCb c^l JJ ^D Jsj Ijj SJj U j JUjC^I ij\j.* 

(_£IaX»Lj ji J.)wLi7 J jld* 4>^js> J5 C 5 ^:i Sjbj^ 0 ( tm $ ,< *4 A c-J ^ a,a 

4 Lis 4 —> JUlif Ja>- ^ Ub <£jji I i cA?J J VI; (iS^i^J) 

A —s!>lp ^^ L5"j 1 -l-il; jW d_J4> wVj Ij Ji^aS j>*l £?-l J* 5d lla* d^ 5 "I 

^ ^ J*" old Ik* jl d'Jly^A d/jb (JJ} >_J Ik* ji J-L jA Aj l;d 


jfa*4j^^j ^jf Ji 

j L t_ij jL7 j \Sy*£ L>» o^LLjw Ai _^SL- 45ol j^b jL* i£lj 
^j=r3 *>—* L bjl x» JJ>i7 J j**a hj ijj d Jui (JJIj jSddSCj [j U]l ^ j>- j C-~i ^ j 
I jU^a (lL J \ J O -L»L' .d—J^Sb 1 j ^ \ * \ ^) < j£3i Jb'jjl ^4 

jl-Lfl dlj —j (vU^ojj* ^L:>- ^SbdSCj 4 j l_J 2 S j:> I ,o^‘! add JLpI ^^-jL 
ji J jj 1 J J L d Lj.j dL dl^i -'■J L Js ^y? Ji J5\d jLy IJ ^X> I 

d^d*" ®j^" c 'j3j-^ j*» oL_; I 4 —j tSv« i3l_j jlji L tiL L 

\^S \ J o Jfllij ^ I—Jjb" 4—; I J i jL jl jj <jbi 4S^ lj 










4 r Jo | c,JJ!j „y 1.3*1* 1 o1 ^Ixc j J - RLC 

.^1 ^ u/ 2 ^*^ o l I j j lx!^ £*xa dL_ j> ^ ,^-ui di> ^ Ojl>* db j> cooIa/» cLL <jl 

4iwi ^ yjl i <y 1*^'“ ^^y j A jl ol'V 1 .:> J* ^*>tA Ja.i J5 

(Jti ■ ^ I ^ J>~Ji O I *w-5 Ul* C-***>I jjSw* 4 $~C—m I U j>- j 1 ^Jdlwi ATXiT 

dft J J iSjj £tJ A~*[i oliij b 6iU (.Lb jl Ouoaf (^Ia : >“U Y' j Y Je» li# 

4*mS'*\i j\s S c l—; ojUi ji ^ j f Isli 1 . 0 jxo I ja * j 

X>- ^jil jly ^5\i*A^J jl 4.1^ li 4 _j £ y*y Ju I_b 4iL**0 Aj 

J5sjJ!>s j 4__j Ji—ill £_Lii» ^ -?! l£\Xl£i J %l~*ij Aj aLaT 

TV J *—^ b Ai X J Jbl 5; (jrf oi' -' J ' l j-^ u 

,c*lh 1 oJLi oJL^a** 

** r - f 

C**** 1 1 l*.» 1 ji IJ J1 a! ^ 1 O jh^ I 4$^ »AJt> b ^-kS> 1J Jb Li 

tjtJjjl Aj J yuS" U oV.iU> jl 

di \ r i 

y ^ IR +Ljr+-cJ-J dt <'> 

J ^'—«> yji jl lLL ^A e).-U I ^ ^>“J 4j j ji? 4 j Ll*n**i Jb 

Oj—J l* II l -* J 15^^JAiaxi 4 >■ y ^ JU b ^ 

.0^-1 c5i!jU 


(r) 


f £ - rf£ =-^/ s 





Uic j I £ o ^ 


4—^J^IaU.:*- tlj ^ ^ jl 4l*.>- (Ai_; JaA3 aJ^U^ ^ I 0*^1 J l3jJ^ a5^ *Ao |*Jfcl ^ 

Jl^S\Ju I jl ^ ^ jSvO A^.U,>- <L^ .4 -(JL ***0 A_J L'Z^^ I LflJ ( i ^>- yj> J* l4> 

■ J.o i ^ o—o Aj 4A~J 

jl4_—*> (j^>- J3 lj (Y) *^-**^4 <—3^1? Jl ^So'l 

.C^ui_^J (^L^AXJL* OJ^vS>Aj 1J Jr>- £ J^'S' O Ij 

wUr^ jJ ^ I tlSjjZ N jU £^ J f iii‘ £«> AZ-ij 

^—£"J I Aliij ji jSoi ^>-1^ J * ^ ^ ^ J* *i J3 O I j!*Aaa aT 

a_j Jl^SslM ojh 4— j '^***» N I —i Ut« jU ^^4 

Jj-V — L(dl f dt) *; ‘ 1 ^UJl ^ S“ k —d$fdt 

JJu iSj*^ 


§ 


dl 

■ iL =- L Ii 


.c-^l g*jjU (^Iajj^ j! <4L c£i<4»j jl^>- / jl ja aS^ 

1a) | ^>Q J l^" kktf) lo^HoL W ^ iA*** 1 J ^ I bl*A I AaMl) jJMJ 1 J | J—.^J l 

Aj j>* $.J>- .C^*<! $44* $i!,i oUj —>■ OJ 4j AS" \ ^ o 

A^-^^.kA^b jSLi& Jj lj d) I l£JJ ^•** , b>» O^ 2 ^" 4 0-^1 (^1AX4 j 

pi jli 14 .0.^1 jJ 3J ji ^lL^a I J 4 ~j ^ ^la/ Aj 

§B.iL = j +j+f' 

IjJ&a l —j o J ^ Jalii ^*j jU J C-miIj u3j-ls (Jjl <Ji^^lj| 

£ ! 



E *dL — ~K So 


OjiwU j^SwaJ A \ \") 4 _; 3 c^-»l ^2^-J^>“ ^-*^4 \j JaA5 JlJ^ll>‘l I 

1 j ^>-jl>- £y' A V O J 4C—*1 J j U«>» L-Jasj^ \tJjC+MA (S Jlj5sl/l 

^\^£-\ ‘5^3 1J 4|>> 3bJ J OJJV 5 Aj 4^L (jl OJjv^ 4j Aj* 


^-*1 (jjj 15 (^IaLaj jl J ^liir L js ^ji Jl j5si> 1 

(•i^S'^ lii^ 1 u-AJ j 
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0--s>2J 3 3 A-* , -1^1 f' a>s JLj , Las r >. t , j? i AA-i b AZJj! *-V/ 


} J J-* (^s4>l ^ y**y* ^r 2 '*'^ i p>Jl. b AZJj! *-V/ 
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.JUT ^ tJfljiI j jIji« L 4iu,^ j^i t^la <^b -\ 

»Jj'yS\>- ^ j* J j! jl-U ^Uj * -Y 

.d-^l 1 §j jl>- 4 j , 5 J Jj>c-a ^ U-Aj b- jb J>- J? 
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j I JZ 


oT y J p-iji J^* ji^ 4i ij oy*- jL* j?\ 

:(p c =9-J \A X ° v y/m) j*- 1 4 «ala 1 


8 — .—_ = =^/f°x \o ^ m 
l/w/>(J, 


<j-Ji • 


G«„ = ™°° 





r c = An»» fl 

iSj b^ jl y oLU/ ^JS^jIaJL* |**jjb 4Hb 1 j olilr £^j/j? 

b a 5^o^I ^jI^^jUU i$j\y ,*^T ^7 JiU.« o^jbLa 4$"*aJLfcbl* j to-^l l-^/1 

GjA>- Q t^jjjs ,*a>'Id*Xo] 0*0 a^ 1-gJJ Aj otil/ ^j/ jl ^iJbS 'j& (J& j**> Ji 

J I <^-».*^ 1 *— J J Lp lAj tXlj ^ (.J --0 LuJ J J1 

fi,=: o/g<.)+o/fi« J (ro) 

aJui j .—j c£jb oiii* b A-S^^ldiX£ <ob a_yi/ <—>1 ayi>” JjlXIj £> U cJLi/* j 

jl 0^1 OjLp 40**>l 

___J____ 

®°~ (\/\oooj+(\/rro«) =*ay 

. 0 *j I 473 Ij < ^-1a 5’ y f' y o o 0 Aj eta o» J Lila j 

(S J* IJ® cl^jLa* ol jl^U a I j^»-1 ^ota.4 j| a^bol b 

.ijjlo^04; <_£ tfc JU Lj J.i jt>~i£SJJJ 

^ ^ J jW^I0-0 Ai Ij JojIjj b» ^ 0-1 jlwU J^*JU» au vlb 

JiUa jl-U ^i I p^lTjljtai J j) O—'I JL$) j5s^ ^9^is> jl .a_j>J a^bo! 

jiau iXa *Aj 1 —j Ij AlSv J-' . O—' I (Jb lv=> *Aj Jul7 ^ l j+J js'j J^atw jl cilAJU?U 4r*- 1/ 

J jb> A —^ Jj<^> Ji lAaIj^ l5j^ *Aj JJiJ <JLb ^Ijb J J>1.A pA a^i>- Vjl .cJ^li 

jlJ.* ..A-i '—j Yoo MHz j; Jjj (^'irJUL, Lj £~jjt JjL» tja^/ j! 

jl t^i-Ajloljb U It .Oulu*/ (^^SnO JjJ,—j (^Ijb J^b/» 

j! Ai 4 ^ jjh*iJ j3^ A/* l*vJ b Aj 1. uJ ju3 J J L ** -. j I >Aa 

. 0 1 oXIj A*3^la/ j^ <_^ldUj J,j Cx^T 

AIwj A w j aji>- j jlj.>» ^j A> 1-1/ A__*A/— i OjUl« ^1 ^>- I 

O j>- ..A*i>l —j ; JA Jj 4AJ IT U^ji Y° j^) ^biJ^Luj 

-ol b Jtej 5Jy* uJu Jul7 ((j^ J ~^b«j <J y>- ^^ J jb AUl**j jl_*/ *voi 

.©kA*! aJ J»Ay* O-^^P Alj>-^b« Jlj U (_^lA4lab b b>- C^lfcjl _jj aJTJ^U (^ji y 

,0-^1 *\.Aa jb*uj \a jIju Iju 



Af \ j5<«ru 


r.\r &y* 

3 c^*\ o jA C y\y. 3j>** j,—ft Jlij'i ia^ dL ji Y° CHL J 32 3\3di\ y 
1 aS""*^^ 33 ^^ Ji —LaS""" I iAaj I j —L vLj t-S""^5 j U/ 4 1*7 L* t) J d - -- 

..JLMj jl jt-U Oj-ft J.S (<_ 3 <-L^b a-L^ 6 t> <J1^2 j 1 OJ2> ^cJcJ I ^:ia>- 

-Lib jb j!-U ^ J& 32 3 oil^5 "JLoJ i oji» <i-b (^) 

Voo Jfoo Jfoo MHz 

r.ir ^ 

^r-ii tsi.Aji.tjb csUb r.\rj^ j^ ©4-Li ©jL jLi-j J jl? j Jj-L i" 

3 bl a —e^ 3 o/(3E = oJoooA (o-f LJ) J> 8^:= ^ JA? YA J /X K = \ 

.a— oja cm J> cr c = f ja x \ o Y y/ m j/ = r° cm 

(^t— 3 (3i^ (v) *<Ji ^ 0 *J^ olijj l^,*j A$** ^ 33 *^ 32 -Ljjl 

■ •-bib I 4 :/! oUia^? jl ^ j c£|aj '1 jp .^>I c^lftijijjt^ j <Jj Ip (<-£-’) 3 I 

r VV s ‘ VYo M^o kHz :^*^r 

^u3* nr 

jl ^M?bLaj^SOl oV:> 1 *a ^L^./ ^1 32 

dl-L^ jl —* 137*3^ j—i L <y^ y ^ -233^ J^>- 0-0 A—j IJ ^ jbw jb y>- *-j j 

A-~j J 2 :iJ^ Ji . 0 -»l ©-Li £_J/» jl aS" c--i 1 i 3 ^ ^2£*.3+a 

uIjl* ^1 J «-Li ^-->Jj^ i(->l Ji ^ OS*"^r»~ Jatfs \L ^>-1 jX$L ^tjaw» ^ 3 A 

ji a>- s"^ ^* u * j*^ 3 * y? ^ 3 ^ 

(j I J^a ^y \ . ^ i ia L> J I 1ft 3^^J>y I OAJ. A# 1J j L ^:>- jlS) CJ>J 1>- 

O ^ ^J-L-?- <33>- C-*«a/ ^ Ij j J ^(ji I 4 >" o^ aIj (J! Jtlp Aj J1 Jj ^A ! J 

u^L§; 

t3^y ‘(^iJibes'* 4 -f U (£^*3^3 ^Xj JU- 

AX-ij <J 3 ^ *&* U- c£l ji I j b- jly ^ C-J J4** 1 A/ 3 ^JjL 1 yi* AX-ijJ jis? 

^ J^Ij ^^ 3 a <J 3 ^ 3 jl ^X^>* ^ A^al^ © L 3 ^ ^ 3 A Ij A*nj Li>» J^ 

jUw La —z 33^ J I-La 31 ^gJLw/^O ALij V s -\r 32 -2\2 ^ 

.o**> I Vtj Aj (jL y>- <Z~»3 a C^>- # C.«4*i 1 ojL 

/ o COS C0( cj>-\j£j jljyr ^ d ^ 3 ^ (jr^ ^ 






1 — I o COS (At (31— d J>^ M Mr jc* 


^ J &j 6! c£l^o I JJ> jL j>- lSj^^ 3 -Xiilj 

^jp^ g-*j U Ijol I!j ((^i^ ^;-*)> AS^i^^Al !>U$ 

.X.Z'^+1 j~k~ li^I di J?$\*sA 4T^ l^> 1 .-L» ^1 ji uUj>- £»jj? 


cc*“ j 1 t3_>~ b 4.1aj! j i jlS' c^j3 j 


>[/] dL 
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4_j ^>- 1 8*A«£ U**J* °^* 3* 4Li>J J 1 Osip 4-; Ji 4^ 


mJ iS j& J1 J>C1 I 


l\i[I] d _ 
A ~ fi tR a ‘ 


P aLa> jAJ$ .ijb }y>-J A jbjj z 4i) J* 1aj$ c^»! U 2 ^4rT t)lij>- <Jj^ 

LO-i I i *4 j*> I J>- jP -17 R[U 0 j I »Ij I Ai 0 L j>- Ij 4l£b jl ^3 I -X^A J I P^ aJL^ li 4 j 4$^ 



iff J.J-J'U i Jj 


1 — 1 0 COS 0)t 

i / R \~ 
[ 7 ] = / o cos |_ w ( t-jr) 

[/] = / e~ iuRIU 


u/ <7 ,• 

y _L_5- e ~luRll 

zs firR 


ui'jiW 


tSjf L-* I j abwo jl 

l_j < &*** ^ ^xs -7^ ^j« A {'J^t 3** 

*£ (a.\r) J^Ci 31 


A r ,-A ls cos 6 
A 6 s= ~A zs sin 0 


A rs — ^ cos 0 e iOT,v 
rs firr 




A - h -■•>. 
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/>(.-. o>) 


il ■A 9t iA Tt (£iJ’< ilj- 


Ja *-. P(r, 0, <p) ja ,4„ A- i f J c - 

“'l o«AXi ^J (p ~Z ^ O Ai>d*s> o\ jp-J ^ j^Ls Aj 



(j-st.Ui.jjO I 




firr 


sin 8 e ]u>rIV 


jf b H a k B, CiljSij* iP j>i Jj-j'b iHjAjs (jil jl 

CU-O 4j 


E, = iiH t = VxA, 


I *> Ijj . ^c 5 ^£***"° IS""'J f l£ ly 3 




_L it 
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h„ = h b = 0 
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«.. = -^rsin 9 .-'“* 0 ^ + 7r) 

j! JJL^I ; 41^ 1J <jlbA^ ^yj 4 ; *Xj b A-~.S~ l ^S\± J^s\ 1 <jl-L^ (_£lA4iJjj/i 

j'I ya^^J U^‘f j <-£^*by>- 4 —S^c^Ia^-L" i oy U 

' I 4_5’ 4 d**~04i 
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Jall^a OJ4j b 
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Ja*uj jl j 


\ \ d / . _. 

E„ = - - :—a Ta(Hvs sm ") 

” jus r sin u do K Vs ' 

E »‘- jue\~ r )d^^ rH ^ 



ar a jj-ru *v*i« 5 j\j IT 
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£»,=^ sin 
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Eg s i E rs j H<p s -M-JJ Ji Ij * J 5 "* 5 o!)L>. 4_^il j—> 

3 ^^ V = \ f]f[x e 3 f\ — U j M— \<nf 3' ^ 

4.>z3J Ji J 
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00 
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( l^A-vJ I III J | (J^3 l***J J^ 1 J 4 S^"^ J^ (J i > I'tf* ^ J J jjJ I ^ 1 

aUJ 2 ; Ijj jjjl jj* j>3 cSL^jj jl <■{£J&i oL-aUx* tS^-^ 

oL L-3^A^- Ji a 5~ ^ L£1 till ;J/i-Loi C— •■‘OAj ^ir 

3 (jl —i y? Sil** 1 yAS 1 i ct-pl —} tl~^l ^9 If J>-1 jjil .iS yf 35 3 

4 JU-j 1 35 ( ) L? ( \ ) 6 JLs^j Jaj 1 33 333 j*^Aj jl-^T 1/ OI j L £-j j,y ei aL* IJ 

»ijf aJjfclJLa 3 ^ 3 ^ 1J l^ Alf* 3^- 3 1 

Hi ^L».? 3$ Af |*»-f ^•'T3* £ J,* [p 4 j Jj U iJJ> 1 

jl ^jl ? 1 i^3Jff U ~ \ / VjUL£ C^Pj*- J X 4 ^ 5 ^J* -jLlb'l aJU^- 

tJftj jl ^ijf Lx* Aj Ij ((J7 j* J jl?)) 4*Jf Lol J3 .C^*i T 3^3 <^4 s r 35 M~* 
yj aJL^U Ij 1 3 &j ^U-*-a 4 —i ^3'j A &J A J jb jIS^4j 

i£ lAla>J j— 1^1 Ha L^ljb Ji A—5^jLib’l CJ4>- Ji Alaii Ji 










^vl (j y>- {£ ^ t— 

jS* J& I ji *Aj If £T j* Jji» Jb- /■ £~f l> O^L*>- 

I j . i k-L.i* 1 ^ ^7 k ^*.** 3 1 1 J^t^> _) ! 

^" vj r V* 5 "J* ji-i ^ j* ^ #<p t/J-* 

/J=f7r 0 = <\o° /=o /=ro°MHz 

C/= r x \o A m/s (iijT lsU*) A = \ m 

t>_ * J 3 . ^ 



£ ^ JJ l C-‘*0 4 j O l y IJ O I d*»««»9 / “ o J 

/f 9 = y 4--^- cos (tan'' ytt#* wt?*) 
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H v =-^- (cos V77/+ Y.7rr sin Yflr) 

*L>-1 f J3 f* e—*>■ j—J ja>- 1 4la; 1J 3 ) £>J-* | C-~0 Aj j_0 U* ^ lJaJ I f 1 ■ \ r) 

Ji .LI—*'! Jjb 4- ) ^>z^a ij. —> I .C—*1 O'AJ' \ ^ /* ^ *f 

£7 j—* Jji* £t iL=-l5 aj r y*j i/-=r v ^ H 9 — \ j*—*->!■> r — ^ 

j /- — \ — o J ° Y A A -^L.-i‘ j«s —£■ a_j .d—*>l H (p ~ oj Y A 

ja ^liA JO J^?l .(oy* L-^i li) JlS^ ^-LS ij r jj>* r = r — ojo ^ YV 

y jU> ob jj-Ll* If (u f.\ r) ja aT i* \ O Y v-U 

Ji (^lAla^J j__0li-4 J vl^^i LjjiL tC-*^! d-^-^ [*-**0 

j O L5» ojoooo^^ J ojoooo^A C^-J d—> y A,, f y nz \ o Y J /* — \ 0 ^ 

_$ jl_/j 1 ^ ! JU^ji JX j! ji.<Siju* j d—^ 4:^-5 (p^ j _ ‘J^ l -^ 1 ) AO-i^ 

(jT ol jJo J C^>-\ j£j CjJ j^> Aj ?7 jj« Aa>* t— > ^ I a5^C^A? 

,ijli ^J-' 6 (J jb J O-v^l ’ ^<jl—O AlJ i Ai*-i>U 

IJ jT jl ^-7 J lS>- J d*^! ^*T jl 2_jl^ A_f JJ L^jy! tji 1 
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j*t=- O J 0 ~ ^ o C ci^. A— A -? 
jl c5^l» j aI^pU 4 j ^ O \ ^ f ^ \ °Y (v) 


.0-u>! 0 <-Xj1i __> 1 J> 


3 \ j y^ ^ ^ ^ a* ^ ^ \^ {£** ^ ^ ^ d ^ 

j^Ip- a > dh^y jL-j J^U/ ji ^ iS jr^i A — ^S* JliS*" ^ j **aj \ j y 3 \ j y^ 

^ jy^ ^£ j ‘*“* J * L?^3 (Jll* Ji .i-L^Lj Lp »Aj Ij ^ / y^ a1**>- 

^ J \ 9 3 T6o y'y <^V ^ <- r= ^ cm ^y E es ^'j \ jr J \/r^ J 

LS lJ 31 Sj o\^ a^i^ tL y \ jy r Oj_^Aj 

jlJu* J2 dJL^ 6^5 t^j^-o‘1 ^ J** j t \ .(\> 3 ) 2JjT J*U a—j Ij 

4 Uj IJ \ jy^ aJL»AJ" .<AlS^^^ I {_£413 l— l ^-.ilx^J (j) _^J A; _? I ^JIs*- ^ 

^alP jl“V <-*-? C-*>t Ali^U J ? ls ^‘T iiloj/ A^l>' J2 Jais 

£j A J 3& \ o aJL^U Ji I JjJ ^ jl 0.^1 O^i jrr 

( \/r) il^l* ^4-=j" jt jl 6-U^jL»jj otj^- jl ^ 

E r s=° 
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Ees = j sin 6 e ^ r/x 
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E 6s = 

^i <_L>lj oUa /7^ j £<)s u- A —^—• 

4,5^Jj U Lit* <^*lk^ l j c~^l o-^Mj-* ^uJ^LA-a j I 

.SS" ^ Ju* 17 Cpj JJli ^ (Jji? At !&y jfl cL*>6J Jl 

1^,/IJlj* I .c—^i 0 4-01J l_ j <1)1 j£> OI j-^AJ 

b 4i JJ Lj VL At 3 j ^ijjul J j£ Up- <jb ^>- jhOuP ^Jt I A>xi^ J3 
Oj4“*0 ^ Of y {_a a ^3 4>_ j I ^ *— *\ y**xi <j^j I *>>Aj \ 

4La\$ jSLi ,j J J .(^L» <S^ J*& O ) A) j kj^r 4$L I jj lj) ->L 

4—l-«vA (,3 ! 5y*-t ^j—i I . ^— 4 ^■*‘*'0 C>J 1 —j ^ ^ E q s 

iS^Zt 1 (^I^j .^ y 3 >^_a qJ.^zS' 0 ~>L j 2 x>za V^a ^' 4 (Y* \ V*) 



dl*> .(SzjaC' L-L (S^3^ c ^(^*-^9 (_ri^ Y"^^ <3^*** 

Oj^kJ 4 . S <\L&> O ^ £jlA«J ¥ 0*1 Lj aLoI? 0 ^ s.jlj 







J^Tl© ijjjl S"j^cr 


jiA^ oJ-i c-j1^w o j*>* 4-Ti J> p^j o\y ^ j^ 1 j )\^j^ 

IJLa ji J I ^ j A A_ ^C-***\ O^—ij^f* j^'t- ^$1 jbj.*j .0^1 <jp ajjIj I —> 

(p 4/ jlj Ij jl^/s ijA jj>- .ijb j!^> oL*aI>t^ 
jl J.J l_j pj jj 1 c-**^i 4 j oIj i)\y <S\y lS IaIsj 1J A^ji c2ljj 

p. i ;S"eiUu«l tpj^jjl o**o 4 j y 5 . \ \ j^ Ij 6! a$" t ^p dSw^jj Jb^j 

(V) 

^AAvJsbjt^ J i^J^t I (_£ t^j t-L* OiA^ ^Jl*L“) —AAjiJ J/i O Jaj>» ^Ia1ci5>J Jsj ! JJ 

ji ji;;jLp 

/ 0 </ n / VwX 

H v = ~?\^ sm 0 sm v wr ~ 

e 9 = ^h 9 


ly-'y^ J 


?, = E,H, =(■{£) /-f sin’Osin’( 


7 * o 4 * J <-£-?j—'ji 4—r( jUj <_£Ula>J (Uas j. 5 ) Ji^jl y 

j! C-^>1 ojLp 


■= i : j ; 

=(¥)V 


“f, r o T sin 6 d6 dtp 


H vn 


. v / vw\ 

5 inX V""ir) 


jl j£ IA>- 4JUb cJfl*-2J (^jb** Ja-j ji y J 


MflYl’--'(W 

-^rad. j?ij? (_g A< *^ d^— j£ ! a5^cu*^ 1 ( B s ,, ij J j^*^ -2 

^aj cJd> / j^ij^ 
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*^1 j*~ i?rad -°^°A Q ojo \ X JuXl jh$ J \jO>J j>\ 

3 CL**** 1 4**o Ia* ^ l — 3 ^LiP ( ^I»* 1 di — j d*^ J U* t j V Ul>-1 C-*- 4 J La* 1 o 

j*' f <A—ft1^>- p5""^J ^*3 U jmb' J J? 4j j I Sijlj ^yjl ji Lj 

!jA 4j {£^333 d-^jlA 4 j| (_£i 333 vXjO^-S-r 3y^ <t — J^maA jL*w* 

(Jf ^ 'X, j —* y* ^ ^^ (1)1^7^ dri I j—.d***»l j& jj> 

.i-l*i Ij £7 Jjl <_£l4La>-jta 

> c-**^ 1 iv^*/^ 1 j> 6 17 j& <S I (S I j{ aS' ^3$~ ^a j jJ> J I j L» y>- j ji J l>- 

jjL oii^>- Af ^ ^ J 3 j\J <J3^ 3* J-> Ij tjXT jl IJ>- 

(£33 Ij ^ ^ijX £-jJjj XXX J jUI< A) (O L ^ij !j$I jS ""jA *Jj>J& A) 

J> I .i f aJs>-^14 61 y c-*** I £^y> J J& ^ j l^- XL j I jl<^j1 J ^ i] j Ij I 

Afsjj -U.I y>- Y^/ o J> \j> b&yA o Ij j>- O jm* Jki \J3 j^ jljj^v- OI ^J i jt 

iJ^tySiU L-*J jj^* I ij J3 ci^JJJjlij^- / ul 

C-*/ 0 ^ IjS^> J t£-L j | j — f JUa ! y>- Vb ji $\aa L_‘gA,,?J J 

<-I^£> a —j l iS\y Ij bj' I jS I .cl***'I ^1*3 ^oli^» ^jl^>- «iJj yS 

<J± 3 J 3 CJ^jl^ iS 1 j—! \3 Too Q $ 3 d>- J3 l-J V JjU 

<yJj-* l d -? ^ VXj\ c-jUi jil jl Jlo i4**j J3 .^,_j JJ I ^A 4j 

c5 j& 3}—* O-^jjl c*,**>3 4^ ^1 tc*j Ij 4 O^yr t£\ji 

^ L*j Ij c-U*S ^y ! jl I .cj^J flJiJo 4L9 L (jl^7 L cj-^jliL 1 l£\ y 

L —■^—J C-<*^! ^J5v^< Lj Y 1 * C—cu^>- J3 4 _$ , "^j Ij^>- J CL**** I flJui Jk2) t 

-CL***>I aXi AS9jX J&t Ji jdtfi (J^ljx 

Mr as* 

j^ ij 4 rHcp ^ ^OT {sL-X* \ — \ xn 4 / o rf = Y X ^-f ^'T 

J ° J \ (v) ^ ^ (v) * \ ° ^ ) •^— tJ3 I C-**»«> 4—J ^ J-J j jJilAa J 0=^0° 
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\S\j-* A— f jb>‘ .3jb jlj-J cSL$:;l J3 ^ y° j/7 COS Y ftftV 

A—S^Tj J* C^l \ Y o][y V Uj* iSJj jUj A-^b / =f o Hz 
j 5"jb) joyU 1^ .c~*l ?o ]/f V ^ 3Wj <>>1 / = YA MHz tsl^ 

?LW {JL-p! jjf U bx7i| 

Ibis A—j J <_£jl^ J jk 4—3 f cm ^b>£< Aj (£ J Ij3 Oj Aj (Jbb A>zA^ Ji _Y 

csjb oUJi Lp ji V' fjti a : >-1 i* .a;iA:^rjiy j! \ mm 

ja = \ o~ b y/m t5bb Jat uj—* (a**^ j*) -b-^Lj a-.>-L; j* a_S"o^I 
^ J J y& wLlS" £^**7 \ ° MHz ->i IJ ol^-i j;l JaI As* jl-1,4 I £j^ — ^ O 

j[ J Jk-iL d-Li ol ^>-jl>- J* ^Ism* jTy ialli Aj ^>-jl>- Jajlj AS" 

^3^ >-bLuj J2 jlJ la j alSsI^J^ ^jI 1/1 j* _f& Ol J*{ t£J~*>~ jb* 

o>i— >%a^p : j ^_5Cj J —i$Ll I <jb—*<• j—^ I (^->) ^—%a j ^ ^ MHz 

jjJ>* jl y J-iL, \ o^ COS Y7T X \ O^t V/m 

-‘ ~ f 

oJ jLij—.> Ij RLC vilj Ha-* iC-i ^ ^ji _Y 

J AJw ^*1 y J3 IJ £\f* ^ \ (0 b 4**^23 .J^ib 

(^lAla>J u)l J—*" A^Jj ! ^j iyZ>A jIJua Aj J\iii A>t,ZJ AS^djfcO obi jl 5^ Aj J 

Aj aJLi 0.31 ^ I ^7 ^ o ,<k, ^ c ’ A ^ C-*^l ^ Jo JaUj* Jjii (^J.) jj» jl $-XJ» *i>-l 

A^j 

Udjb J^-b j: u> j uJfll I ji ^ dZ> jb ^b Avj ^\ Y 

(^) A_!r^TjJ3 XS^A j^k Ai a/c*^I \ o / Wb J^jb 

Y ^2 63ttb J-^b cjftl I a 51>- ojb-» 3 y>~3 oJ.J* Jl/*p| ['Jia olJL. 



A¥T Z &js jLTjU^- 



- ^3^1 4 *.>- I ^ aJ LuA 4 j A-ir jc* 


^u>tj j! ^!<xul c-*>-I^a$'o A$^u^ywol y £2 j IjL* ^Li> <U1>* j 

-C^l \ oV ^£ J yfl CU*jU^ itlj J_^>U (i_j) 4_H>- .C^l oJl-i 

i—; 1J J! *X—* / o 1—> ^ ^JeJ I ^ , lAj I J.* If <S$ La jj-vJ.^- j 1 J L al ) {£ 1^^^ OS"* 

1^ — ) I t—-1 j jA A*^uJ J| I j £ iXa^ 4>uJ li3** ^5sJ 

j®_?£3-° Jlj.Sslj*I j ^ l^j 4 >i^Zj o^S^A^U-,* C^4>- 

« l-Xx*5^" >4 !j 3 I «A^0 3 I (^_^>4ivuJ Aj 

•o^l \ o 1 x 1 jjt^i ^ mm *—* <^l^j li £_k*A l_j ^ 5 La ^lL J jU _f 

t^L-* ^1 J S\ c~J e R = ji R — \ 3 b x \ o v y/m c^Ua 



. A*.>- 1 ^ a] L^ju 4i ^ ^ Y* 






u - s faLi.j J xC)1 


j^l J j //| an 3 E{^yl ls"* 1 3 A J — \ o COS CO^ A O^ 

.wUl f — \MHz( ( r l )j / = ^Hz (<J!) 

oJj al* jH> tJ ^vsT i j I AiT" ^ Y £ o 0 ^ 4^*»i I^.A ia.s^ (J^Ja _V 

Ji JA ^Ai J.—Ij aS^^jIjA (iJftJl) .C^M \ o 1X1 ji^ji 3L~s>\ 

?c-^i jJi>- 55 J> Jv=" l>- <jO!>* JjJJ* r MHz 35 ^ ^ j'A ^ a3 “ j^i* 

As jlj—s As>~ jAj s c5LgA> I ja ^ J.> L aS^^s^aj IaJ I ^ j>- 

JLj I c5ijj^ I (<—>) ja^ ssS J*aL c^jl^ -uxu \ o MHz j* ^ 

. d-*-^ I Jw\2>- Al3“ jjjl Jj jAj (^j^*J 15^ j3 ) J* LuJ ^jl j“aS> 5 6 lj jf 

c-i^»I c>JJ io!^ (v\) a^L jl J*j <jl c^ljfcj^ljtj aS^^jJjJJj -X 

JjJ_>- Jj JJA (^JliTjS) ^L .C-^l aJJ jaJu oi (3i ^ j.; b 

dl—J^-rjl^Jl cSLg.:/! (sjiil) :31 JjIp \A->V& cm J-> A^Ai t-> 

. Jjulj oJd 4 'JI.^j o^->- jb jiJ- 3 l (<d) 3 aJJ 

(_£^,.A l_la C-a'* J L 1_ > (£ j+^-Vi Lo £ o (J JIj I Ja>- Jj jla^Aj dpjS"* 6 l_»j^S** <J l*^aj I L* ^ 

J_> JJJ JL>- jjs iS\^ts3 A; !j oT & c/9 c^pJ YA 12 (cr^^O 

(^j-4*^ tr jJ ) luj Jji I) i A*** 1 ! J l—> - la > • ^5sj ^ i «|^**^ 

ijl_^*P A—j A^iaB I (1& L*-i | ) j. S" I (^—- J ) ^d>.*Ai 1 Ss>- A^Jaif I JuJ 

JJ i—JjJ> J j —U A^s-1 3 ^Ji W I i j>* t aj j J> d j^lS' 3S iSj I ^ 

aA_^j a!m«i (^jjuj ls^y) A —a L*^j I^_a*5 ^^Al c 3 *^ ^ 3 ^ »-A>* 1 3 cH-a-a ^3 cJ_^ia 

^J JaI^cA JaA£>- 

iC-*^1 oaAJj aIj j.S^(J Lj 1 <-iij Ji lg.J I jl (JUji^A aS^;l1jIaIj ^ Ja>* Ji ^ o 

_A I (ijftil) .XjjIj^ Aj JL?- 3 f ^ y) c^a-^L; 3$ 

Ju lA/aA-^j (^^j* IS^j.?) Jl* L JJv.j ^.5^.; J5vj Aj ^ J jia 4j lj ia>- I 

f Q \ — V/ Q ^ = Y ° 0 MHz (j^ L M 1^>- (<—j) ?C^.1 j J—»^>- 

^d-A* 1 J Jj>- Jj J?“ JjJJLji ( ( J-^*’ 15"^ ) 

:c***'l j\j—- j—i j —: j oL» c-^l ^IjI (jLi 5 J >—f x ° a^L* \ 

H z ~\ o oo cos 67T y ^ a? COS Y^7ry COS cos \ ATT- 

x \ ^ t A/m 

d)Ljj>- J 15^>- (^il) *-j’^ jlj— 5 J*IS^l$aLa o^-^~ ^ X— ° 35 

wVjlj L y3>- jl <3^^ (<— ; ) . JJ^" I J-j IJ A>=i^ iS 33 

t0 <C^<C oj0 ^ni C:--LjA^jiy t(a = &3k x \° Y jj/ m) 

‘^! JAas? O <2<^ m 

3 b — f mm 3 d = o jy mm ^ oLL L JL;i eA-i y 


e>r& I*-*' 1 * a y jis~ 


Jl_^7l (2 = °) J-5 JU- K — \ J 6^ — YJY j J CJ = CO£ = ojoo \ 

.j—j 1 cu*o 4_; ^00 jvIHz j^ X/^ J.iJ.i7 a*!^ ttL# l_7 c^i ©ji S 

^Z “ — /) J U Ls^L ji jLJ J J> I jJi>- A fial I J J& ai 1^ 

jl j —j («-^) I*Lj Ij #(z t r) j E(z < /) \ o cos cot V j>\ji 

o^>0 iSJ _y 1 p'HjZ' L j\£aa (o) ,wlOJ I C-**0 A; Ij (Jj Ip Ji o-ti eJaij L**j 
JM*» jlJ.* l£1^ Ij C J L 3 i? ( < ^ J ) C-'’*-0 4; IJ jlJL* Ji 

.i{ JJ I C-—^i A; A*k$ jjj 1 l£ J1 ^ 

ji E x = \ 000 cos (Y 77 x ^ o N V —j8z) V/m ^k-• £>—• _\r 

(a = \ X \ ° Y j^/m) g?j-i a-^r - 1 ' _t-j i£;_>«■<= jJ=> *■> tlj* 

jJJL>- 4 >sjLz> ! jl j A J~ fi Ji < Itilj J^aaj jl^7 ,Jj 1j^- 0 

l£L$jI ji jl^7 0 UI 7 4SVi> V - \ V J_j=*^ J; Ji7 IjA?- Ji ^ 

ji ,c-a^1 (Q do — ^ 000 ) <j; L p ji oUli j) (£} w ~ V Y 0 0 ) *j— a>m 

a j 1 j.j i c^>L& < *j j. j> jl (SJ I -L* a>* JiSv j^*j j5vj i Jjj ! aS^^J - j 

.JJilj (_£jL*.a Ip 3 lftdJlj.0 olii; a£ J-Ao JjS> 1 j^>- 

£ = \ ° o osin ¥ 077 ^cos (\ o n °77/ — ^o 7 rzl^)a y V/m ^jf j 

j" i/uoo y/m j = V as" c^loiUj^- liji 

^ o ^ x ^ O Jo v j m A— : >-1_j* Ji 1J jL»J j - i od-i 

q ^ y ^ ojo ^ j m 

ji c5i ^—a jl l —&ojl jt$ ^ I ->l j—j ^- 'i ^ 

.c—l Jl_» ji f ^ — \ j/s x \ o A ^(m/^) x + (/i/i) ,f H-(^/^) x 

j! aS" iUp| p 3 n 3 m 0 iUj 1 d 3 b 3 a ^ tf J ^ j J 
(jgl^—I Ij Jjj.i7 (^‘IT ^5^ u^Iaa*J 0.1j (j{ _p J&*<0 C—*A)I i 

Y A cm Y o Ji ^ o iUul 4 j tS 

j l —--__j j^-z = + X/f L-> z — — X/'f 3' z j j— ^ — 0 iS3j - ^ V 

J '^4^ -» c^Ls ji J s = I q e~ j $ z b I=I o COS (<0/ — j8z) 
t-SL /(_ a.^1^4 l£\j—j ^jV Jlj5c71 1) - ji — YttX jl a— 40^1 

Li Ij Jlj5Ltl 1 jjj jlj^ (v) *(ojX/Y^Jo)^ L —y Jj^A 
«4jijjl C-A^i 4i Ajfli JIj c^LL'iji ^Ja3J jl fiilil*v! 

— 1 A —) £ j.tjA (5jli j—t { J"‘ , ‘ l ~ J L a zs r.\r j^-\ a 

c-^>i Ai jut I Q dc J $ r / (^ 77 r) aj Ij IJ^ ji jt^p- ^i^jl^i/i 

Ol^2Z>t-4 Ji (X/Yj ° ? o ) Ji J-j' iS j£i* AjL 1» jl; J>- Xp£ ^jb j3 .^Jijjl 

; Ji I J A Z i ^—>'1 a z 0* (jL^> ji j _to .J-JLj Alii i jLa pfU 



^w^UxcJ jlQ 1 ar? 

(\ooo X, o) ( V ) j (o, o, \ooo \) 

j-u2^P di £ j I Ja* _£^ 4iJ J a 41* 13 LjiJ 5 }S>- f OI <s\j 1 . -\ 6 i 

<• Y X Al . X («-7») OJY X o J\ \ (<J I) 

. d*0 Ij c- > l* (p j 6 ► Y 0 X ^ 1 o \ ( l r0 

Jj3 ]e\—hi J3 a I jl c^l— J3 ^js&>- 4_j | <l[ —, j _Y o 

J* i £ = (\ o o/r) e _J ^ r V/m ol-i—^—- (r , ° < 0 < tt/ Y , <p) 
y ° °A ita ^Ls' a ^y 0 £ = o jl-^ 77 / Y <^ 0 <C 77 

j<Aa>- c-^ j La* ?c-^l jJw>. t ^*d*w j I^ ') :XiL 

?c—l 

^g^j» t £ ^^wxJLJ aa) 4_S^<X*3 jLl/ jlj^:>~ ^D«y ^ j*t* j iy ^*' l*V* l£' j* - y \ 

• *M ' {jf l — & A q j tit d I ^ £ q 

i j_^: 501 t^lgS la** <-£'4 _j oly^ O Jf ^ 4*^3 - Y Y 

£->■1 ^ 4>) Weeks ->■> 0 ^ 4 >bl oUl 03 . 3 ^ 0 L il^;:;| csI^j 

(j 11 > J ^5 4>- ^3^4^' 4*>*l ^ Y AbX*i 

:^j j a) ll* _y f 

Superconducting Resonators and Devices, Proc-IEEE, 

vol. 61, no.l January, 1973, pp. 58-70. 

j^'T ciLj o. ilil; o' aS'xS’'^ co ; >c^ ^jUjT cjlo3 w.H. Hartig 

•Sjr**^* 6 jk 1 Oj jn? A_i j| 3^0 If 4jjw/ J3 

1 —; c^ # *' 2 ^ K A f y° ° 0 K 3i t oji jdflj j i 

** i >^'(_s' a ^ ^^7 



V 


£ 4 


iSJs j>. 1 


^Az~^ 4a*j ^-J^> L&J b aI-ZAj <*Lb ^|>e* O^ 3$ 3j j^S^-i jlat J5 I J \JL-> U^L>^a O L5 \a* 0 dX 

u = *-^ U 


= CaJ L a 

w — ch 

SjlJUl 4 j Ia^AL* jl <iJL ^A ^Sf 1 .Jlj Ls 2 l>^ oLSs:—:> ^Iaw J V 3 u ^ (S3jb <1 

y_j[+£j ^ I j\ <iJj j — A <s\J. 4*0 J j j3 ^Ja.ua)'I jio 

0_j—«.>■ .^A-*i -V_ aIj^>- 3 jw2>x- J ^i*lalw> ^Ic^J^-v 41 Ji ^J/^amj I jiiO j* ^-^3 

Cj> Lv£2ljn» (_£ lg> ISCa-O (_£ 14—> j 1 j (_£ la jJ£j> i JuL^J J jiis <S3j** L® 1 jH yy 3 V J U 

<_->jJy w 3 V 3 u L s^£j ^ — ~* j:> l^T jA liJ t ‘'£3j$ 3 (JJUjMjI^I 

jl ill jA i »*33 i C-^-O 4 j 1 j ^_jW-J ^3!^* lS_^ ijl^ ^ 

p—>*>- ^'^L_ s i>l Jj—^ co jS iJfij ^aj“ >v J y J i/ 4^ ^_j l_i 1 3 h r 3 h^ 3 h x 

ji j <—4> u lyo 


£?L N = A s rfw 


dL x ~h^dv 

dL r = h r dw 










J i \ J^o3 

J2 J a ISwO 4^» JA 45""C-*^l 13 





jl JjjLp- 

u~x 

It 

W = 

z 

: r ?li 

h \ = \ 

h x = \ 

h r = 

\ 


u = r 

v = cp 

w = 

z 

:<_sk;l j.z»» 1 ( \ ) 

h, = \ 

h x —r 

h r = 

\ 


u — r 

II 

w = 

<p 

■(SJ J> 

h, = \ 

h x — r 

// r — 

r sin 

6 

■^>.a n Xfl,: 

— a w f 

4$" lXi 1 ^ Jwti i -* 1 

cSj_»L 

w a y i « Aj 1 


A r J <- /l^ I ij ^ (J l$*l5\XvO Jl> 4i"jit^i ^lj 

.^ J^UiL Oi> \$ iSJ> isu I j j 

iaPsM JjTj ^J.r f^jJIJj^a f. ^ 

^—iroij ^■V' j V'*v / tj ^Ujj—.o ^—is"^jajjUr ^—s'i 

JI Sji 4—S'" ^l(_£jI £^ 2 ' t '° JD -^1^ j\ J L^ 3 ^ j^i j! jis"4j I^JbOi 

jl Jj&i J>->- Oj Lp J J-iS'^a 0-^1 l) I ^_^-*->- 

A.. dL x ^£ r + ~ (D u dL x dL r )du 

l; 

\ d 

D Ua h x h r dv dw + ~ -— (D u /z x h r dv dw)du 

It* A>civ^ (^1 jj J 


a G-Jj a I 3 (Aju U O L^lcrva olC^o dj (_/LjLo J l>t_jlA"”_>i , \ 

.0-4 OLXi Oil a _3 toJL>- I O _>l dj ^io ,o4 


J. A. Stratton, '■ Electromagnetic Theory,® McGraw-Hill Book 
Company, Inc-, New York, N. Y- 1941. pp 50-59. 




an 




\ a 

— D Ua h x h r dv dw + — — (D u h^h r dv dw)du 

b C^i c5JUw4 SjJS^A Ap^istfJ 3 1 ijJS* j[£ 0i l y\u J 

d 


du 


(D u h x h r dv dw) du 


Kl^y ji- 


*i 0 _y >-! Vai\j (jf Ia W 3 V 3 U Ojz? 


du 


(h x h r D u ) du dv dw 


4 —i W 3 V 3 U L^l—A jJua oU L yOj JM L o! IJ J 5\j.i 4^ J 

jl O^l OjLp i J^i^ A ^jb>- Ijt 4^"<_£jbi ^1 jJ 1 

r d d a n 

LdM ^ Z> -) + ^7 (*r ^ A)+— (A n A, I?.)J ^H> 

^; c~* f ,4****^ j! 4aj l — ) I jjl J) f JJ 


V*D = 


/^ r /z r td« ( h '< h r D 3 + dv (K h \ D ^ + dw ( h \ h \ Aj] 


(0 


{£ J J j I 6-iliX^ 1 A j^'cs' Ij (S IoJU-i b b)b.il j5"U>4ii 

1 ybj> j lo b {^. ? ^ 


dF dF dF 

c/F = —-—du + ~— dv-\- ——dw 
du dv dw 


h r dw 5 h r dv 3 h^du <J jb Jh~ ; 1 jk* tJ^^y >_-. 


\ dF 
h s du 


h s du- 


\ _dF 

hy dv 


h x dv-\- 


\ dV 


* 7 —r— h r dw 
n y dw ' 


4 ) 














dL = h s du a u + h s dv a„ + h r dw a u 
dV = W‘dL 




\ dV \ dV 

W = ~, - — d u + -y~ — 
h s du h r dv 


h r dw 


(0 


H zz O-J Li J3 I 0i> i I r^ A iP J> J&J3 1? H 

F-A J-> U (J^jJ /jjl 1 ^ C-**0 4j ^jl I J_P“ /f 03 jf IXj J 

J I C—^l OJ 0-£>- J-5 4 j Js>jj ^ g> jJ jir 4; p > l£ olvSX=-e>> y. 

\ d 

H v h x dv — -— — (jffi; h x dv)dw 
la r Y x ' 


L I IjO CL*£>- J>5 v >'^' 4 ->t 5 4.j is^y -2 


-tf „ o h^ dv-y-^ (H, h x dv) dw 


d 

dw 


(H, h x dv) dw 


L 


— ~{K H.) dv dw 
dw v ' 


l c—I (J^U* *v*i _?:> 4j *1 0 


d 

— (A r 





&¥\ i 


H £ a u y ^ 

jl lj 4>tJu 0^*0 4 j l,ft j>cO 1 335 L 61 J* lj^5vO 4/A jy* 35 J 

O J!> (J Lj O ^ lJj 3y^> Aj 


A Y /2 r /z N /z v 


V X H — 


d 


d d 


du dv dw 


h\H n h,H v h r H w 


(r) 


1533 I t^~*o 4 j L ^ ^ <S IojIjjL^ 



i yy^ rt V J d j> 3 <jlol^ 3 I JJjO ‘*5 a^Ul^l (f) ^ ( 0 ^ y LS A 

.533 ' C^*o 4 j tJJ>L ul hy 3 h^ 3 h\ {£Sa\ jC.a 0-> \^aZs>zA 61 &*>5 j* 35 lj 


cSJfa^ (iLfcabaf 

^15^OL^ 2 a>c^ l—oLa^ji JO I ia^j L jl y \j jl3 lS3^5y <_£ Uo l>t7 I 

^ 15C>jI) ojl 33 Lk-*i» 4 j IS"<u*> <—> j*jA*s£>i>- 0 LLj> (Jj! ^ 1>JI jo J* c->L*! ^J2>i 1 ^L>j>a 

4**i J I_ftjl,S y ^C-£JJ (£3^5y oLUp SjL Ji <_£J-*J iL>J 1 .0-^1 3^5y 3 

^y.y \ > 35 SjJti —i I I 4$^ C*w>i fjl LJ/^P 4j Js> ^ L§; 1 i_,5 bo ^ lr>tJ I 

(£j3 Sjl——*; 4—Laj 1J 4^ J 1 —*j—^ ( j—1 ISsa» 1^ L^lo^JjU^ 

4> if t 4ki IJ J^SV 6 yi-Vlj J L ISwi L^lojl jjloui (_$Uv_f^aJUs’U- 

. 4>-ji oLjj 


















0xS)‘C=(lxC)*i = (CX^i)*S (\) 

Ax(BxC) = (A-C)B-(A*B)C (r) 

V-(Ji + 5) = V-J4 + V-B (r) 

V(F + TF) = VF+VJF (Y) 

Vx(3 + 5) = VXA + VXB (£>) 

V-(VA) = A-VV + VV-A (?) 

V(FPF) = FVJF + JFVF (v) 

V X (F^4) = VF x J4 + FV X Ji (A) 

V-(AxB) = B-yxA — A-VxB (<\) 

V(A-B) = (A-V)B + (£'V)A + AX (V X B)+BX (V X A)(\ °) 
VX(^X5) = ^4V*5-FV-i? + (B-Vp-(^*V)-B (U) 

V • VF = V X F V) 

v-v x 2 = o (\r) 

V X VF = ° Of) 

Oa) 


VXVXi^ V(V-^) — 



£• 4 
4a^iO 




Systeme “ *—*** <■ SI jl—* 2:^1 k 4 —j) ^iUl^ aLx^o U:jI L- 

^ ^l jl .ib p ; Aij^ U (Internationale d’Unites, 

d-L ji X 1 j ji JU- j cu^l v_^ liS^ 

jl (JjL^j \Jj>j —U jl ot 5si*o — 1 1 ioj'^ke *j jl —f 4* o jjsj? ** 

aA,A» jU^cAj ^ILJ ^L>“1 dl5swo oly^ 4 j L^j c 0 cjVL! 4JL.s>- j I j Ujy.f 
\ * £■& ° 6 Vf - Y4Y^T ^ o-^l <£ jl*** j*j && o**«I j„a (J«A>-I j ^ 

ij+i Af' o J^i ^ j\ S£ 4 > Jtf>jj jA il„) I (_^l^aS £~Jua3J ^ ja (J ^aL i ^ 

j c^l jUj J«^lj 4 J U ,jfiji - ^>«.jjIj -b>- Ij j Y/?\ 0 

ot’Uj> <—jjLj ojj:> ^t \ \ y\ £ YY° ^ \i^\ i£3^* tSAij** <jj? ^lU 1^** ^ ^ 

^ F = n m f = 0 i f — ¥ ^j^ fjz* j —*) ji-i—^ (^ir^-j) %uLj 


jL UojldJ I 3 o\jj\ cr> IIj jz :>l> 1 !j>tJ oltx<o . \ 

(d^lA oVLjI ) litojldu ll**il ^La Jr* -Uui_^T \ ^ ^ JZ> 3 d^-u/J 4j ) ^ f' O j$ 

l>* J 0*>J I i_f>^I.A <S L-ij cl^ 5 ^ 'dAf <ix3 <Ai ,> jl5"{_f|^i Lm* 1 ^ 

C*^1 *dUiU_; (_->3 ^<5U 4-S ISvIj^aI 0 ^5vLl 5"~ Ja^^i <i-S^dU*j| ^fL I 4„S"I ( Jj r J I 

J^lTjLx^I *jl>4 aL idl> dc>cXA oVU .(NA^'f' ji) 

j«j 1 ^JLmi l; dtjJlS^dda I j>- J_^t> ^ ^ ddJ>- JjJJ* J C*aj| 419 Ij (jlj l> ^La 

bCj^al Lj J 4?3^a fl uX__i 1 (_^liI>Aj!do I J Cj* 3^ A u>*' ul O J J ^ < _jXa ^ 




OLj 


■ 




JJ5 4—^ \YT fjij^ p—*1 Y jV ' V lSUjLj cJl>- 4_j J? jj y m F ~ o 
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